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A. TASK ASSIGNMENT 


The Apollo 204 Review Board established the Integration 
Analysis Panel, 18. The task assigned for accomplishment 
by Panel 18 was prescribed as. follows: 

This task involves the review of inputs from all. 
task groups, the correlation of all pertinent 
information, feedback for further study, and the 
final technical integration of the evidence. 


B. PANEL ORGANIZATION 

1 . Membership 

The assigned task was accomplished by the following 
members of the Integration Analysis Panel: 

Mr. A. D. Mar del , Chairman, Manned Spacecraft 

Center, NASA 

Mr. R. W. Pyle, North American Aviation, Kennedy 

Space Center 

Mr. C. B. Mars, Kennedy Space Center , NASA 

Mr. D. S. Levine, North American Aviation, Downey, 

California 

2. Cognizant Board Member 

Dr.,M. A. Faget, Manned .Spacecraft Center, NASA, Board 
Member,, was. assigned to monitor the Integration Analysis 
Panel . 

3. Panel Consolidation 

Panel 16 and 3 served as separate Panels from January 
31 1967, through February 23, 1967. These Panels were 

dissolved on February 23, 1967, and merged with Panel 18. 


C. PROCEEDINGS 

1 . General 

In response to the direction of the Board, the Panel 
discharged its responsibilities to the Board by planning 
and executing the following major activities: 
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a. Coordination of all phases of hardware inspection, 
disassembly, test and analysis requirements, and 
presentation of periodic status and summary ol' results 
to the Board. 

b. Correlation, validation, and determination of each 
significant finding, and presentation of periodic status 
and summary of results to the Board. 

2. Hardware Inspection, Disassembly and Analysis 

Inputs were solicited from all Panels with respect to 
hardware inspection, disassembly, test and analysis require- 
ments. A special form, "Disassembly and Post-Disassembly. 
Requirements," (Enclosure 18- L), was used for the logging of 
all requirements. 

In keeping with the analysis activity, priorities for 
the various requirements were established. Items were then 
selected twice daily to be approved. by the Board for 
proceeding with that activity of work. Board approval 
information was fed by the Panel back to the systems engin- 
eers so that a "Test Preparation Sheet," TPS, (Enclosure 18-2) 
would be originated to accomplish this work. This Panel 
approved all TPS's, kept current TPS files, and reported on 
the status of all approved requirements by means of a "Board 
Action Summary" prepared each Wednesday. A sample page of 
the latest "Board Action Summary" is attached as Enclosure 
18-3. All three enclosures relate to the same item: 

"Removal of a cover over the .junction box in the lower left- 
hand equipment bay." 


Significant findings from hardware inspection were then 
correlated with the analysis effort to determine further 
courses ol activity so as to culminate all research and work 
on an item and enable a determination to be made. This 
hardware activity was completed on March 27, 1967. All of 
the equipment has been removed from the spacecraft. 

An examination of the electrical wiring harnesses 
remaining in the spacecraft in the most probable zone of 
fire initiation was completed on March 24, 1967. The most 

probable zone of fire initiation is defined as the area on 
the Command Pilot side of the Command Module. Looking 
forward through the main hatch, this area starts at the 
Environmental Control Unit (ECU) and progresses forward to 
the gas chromatograph compartment, and covers the volume 
from the floor Lo the Lop of the ECU and to the top of the 
gas chromatograph compartment. All wiring in the lower 
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equipment bay was also examined. The ECU wiring has been 
examined while the unit was in the spacecraft and after 
removal from the spacecraft. 

Electrical Power System wiring inspection and analysis 
is still continuing. Work items that are active are as 
follows: 

a. Determination of the cause for each circuit breaker 
and fuse that was found open or blown after the accident. 
All open circuit breakers have been identified. The 
identity of all blown fuses has not yet been established. 
All circuit breakers that were to be closed but were 
found open after the accident are listed in Enclosure 18-4 

b. Conduct of additional continuity checks to estab- 
lish that suspect wiring was installed as required by 
manuf acturing drawings , 

The only evidence of arcs, shorted and suspicious 
wiring that lias been found is listed below: 

(i) DC wiring completely burned through in 

harnesses providing power to Environmental Control 
System, instrumentation,. 

( i i \ Arc between a DC wire and the cover of J-Box 

C15-1A52. 


(iii) Shorted AC wires providing .power to the gas 
chroma tograph connector . 

(iv) Shorted DC wires, providing power to scientific 
equi pmont bay 2 . 

(v) Two shorted AC phases in cabin air fan 1 wiring 

(vi> Crushed DC harness in Environmental Control 
Unit providing power for instrumentation. 

( vii) Shorted DC wires providing power to the biomed 
recorder . 

(viii) Shorted AC wires in Environmental Control Unit 
providing power for suit compressor 2. 

(i\) Command Pilot suit wiring shorted. 
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(x) Arc on structure by side of switch Sll in back 
of panel 8. 

All removed parts and assemblies were thoroughly 
reviewed by NASA and Contractor design engineers, metal- 
lurgists and Panel 5 members. Based on these reviews, they 
were classified either as a possible or as an improbable 
ignition source. A written justification was required for 
each item, and each item was approved by three design 
engineers representing NASA KSC, NASA MSC, and NAA, by the 
three members of the Screening Committee, by the Head of the 
KSC Materials Analysis Branch, and by a member of Panel 5. 
before it could be classified as an improoable ignition 
source. 

The listing of all equipment totals 299 parts and 
assemblies. No attempt .as made to list or to remove from 
suspicion as a possible ignition source the spacecraft 
wiring or devices integially a part of that wiring such as 
terminal boards. 

The 299 parts and assemblies were categorized as 
follows: 



Number 

Improbable 

Possible 



of Parts 

Ignition 

Ignition 



and 

Source, 

Source 


System 

Assemblies 

(Cat . B) 

(Cat. A) 

Remarks 

Communications 

17 

17 



Instrument ation 

22 

12 

10 

9 ECS 
related 
transducers 
1. harness 
assembly 

Guidance and 
Navigation 
Stabilization 

16 

16 



and Control 
Environmental 

14 

14 



Control System 
Electrical Powci 

48 

3 

45 


System 

32 

30 

2 

Static In- 
verter 2 
Panel 
C15-1A52 







(LEB J-Box 
Cover) 


D-18 6 



r 

I’ 

l. 


Continued 



Number 

Improbable 

Possible 



of Parts 

Ignition 

Ignition 



and 

Source 

Source 


System 

Assemblies 

(Cat. B) 

(Cat . A) 

Remarks 

Displays and 





Controls 

30 

29 

1 

Switch 11, 
Panel 8 

Sequencers 

Reaction 

6 

6 



Control 

System 

12 . 

12 



Structure 
Earth Landing 

18 

18 



System and 
Recovery Aids 

5 

5 



Crew Equipment 

61 

59 

2 

Command 
Pilot Cobra 
Cable, Com- 
mand Pilot 
Torso 
Harness 

Experiments 

4 

3 

1 

Octopus 

Cable 

Pyrotechnics 

14 

14 



TOTALS 

299 

238 

61 



The details of the Screening Committee review are contained 
in the "Screening Committee Final Report," dated March 24, 
1967 (Reference 18-1) . Analyses of the remaining Category. 

A items are contained in other sections of this report. 
Special laboratory investigations of spacecraft wiring, the 
ECS and Static Inverter 2 are reported. in this document. 

3. Correlation, Validation and Determination of Investiga- 
tion Items 

Inputs were received periodically from daily Panel 
meetings, daily Panel reports, special Panel reports, hard- 
ware inspection and disassembly, brainstorming sessions, 
technical discussions, etc. 

The more significant inputs, defined as those that (a) 
could possibly contribute to the cause of ignition, or (b) 
could contribute to the propagation of the fire, were 
listed as investigation items. Each investigation item was 
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correlated with other items, Studied to establish validity 
j meaning and finally a determination was made as to 
SSetSer thl’nem did cause the acctdent or whether it 

may have contributed to the accident. 

To better illustrate the mechanics, the process for one 
investigation item will be summarized: 

Investigation Item 42 - Elapsed Time Indicator 
burned on Spacecraft (S/C) 014. This unit was associa- 
ted with the Caution and Warning System „ Indicator 
rprpived from Panel, 6 that an Elapsed Time Indicator 
(a non-flight item) for the- Caution and Warning Sy.s em 
ias “/hefted as a result of a noise 

capacitor short during factory checkout on S/C 014 at . 
North American Aviation, Downey, California. . .The 
Command Module filled with smoke during this inciden . 

The following validation actions were taken: 

(a) Action to Panel 1 to determine the exact 
configuration of the Elapsed Time Indicator 
installed on S/C 012 and compared to the S/C 
014 installation, and knowledge on whether this 
unit was installed during the accident. 

(b) Action to Panel 2 to determine the level of 
qualification with respect to oxygen 
pressure environments. Because this unit was 
to be removed before flight,, it was Relieved, 
that the unit would not have been qualified, 
but this still had to be confirmed.. 

(c) Action to Panel .3 to review all. data from 
S/C 014 during the time that the inciden-' 
occurred to determine if there were any elec- 
trical transients or if any circuit bieakers 
opened, for correlation with indications 
during the accident. 

Closure of these actions disclosed that no 
were made to the unit following the incident °n S/C 01 , 
that the unit installed on S/C 012 d ^J’* n |= h ® t jJ e unit 
was of the identical configuration, and tha . 

was not qualified for the environment during the 
W p uprident A Board action was then requested to 

S) ine TtpTIII 1 ir t iuSn°CTPS C 053) ilTln examination 
of the unit was made the next day. The physical 
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examination disclosed that the unit was in a satisfac- 
tory condition with no evidence of burning or damage. 

The item was then closed in the category of "did not 
cause the accident." 

A "Status of Investigation Items" was prepared for the 
Board each Wednesday. Tne latest "Status of Investigation 
Items" is attached as Enclosure 18-52. Whenever an item 
was closed, an "Integration Analysis Summary" was prepared 
and presented to the Board (all are attached as Enclosure 
18-53) . 

Output data from selected . Panel activities were reviewed 
in detail. Examples of these outputs were discrepancy 
reports and open difficulties provided by Panel 6, and 
incomplete work or open "Engineering Orders" (EO’s) and 
configuration differences provided by Panel 1. These out- 
puts were reviewed by NASA and Contractor system engineers 
to determine which could be related to the cause of the 
accident. Those that could have some bearing on the cause 
of the accident were entered as investigation items. 

4 . Special Reports to the Board 

Formal and informal reports were prepared and presented 
to the Review Board. The more significant of these 
included: 

Review of Spacecraft Power Status 

Supplement to Review of Spacecraft Power Status 

Structural Assessment Report 

Explanation and Discussion of ECS Water/Glycol 
Circuit Prior to and After the Fire Report 
Spillage of Ethylene Glycol/Water (RS89-a) as a 
Possible .Cause of Fire in S/C 012 
ECS Oxygen System Description and Interim Data 
Evaluation 

Communications Analysis Report 

Mock-up 2 Mobility Evaluation Test Results 

These reports are briefly summarized below. 

Review of Spacecraft Power Status 

This is a summary of internal and external power 
descriptions and configurations applicable to 
S/C 012. It contains a sequential history of the 
DC power system. The sequential history is fully 
verified by data indications and S/C and Ground 
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Support Equipment (GSE) switch and control 
positions. This report was used to establish the 
DC power system configuration at the time of the 
accident, and to Show that it was proper. 

(Enclosure 18-54a) 

Supplement to Review of Spacecraft Power Status 

This is a summary of minor internal and external 
power supplies applicable to S/C 012 in addition to 
the main DC supplies. (Enclosure 18-54b) 

Structural Assessment Report 


This is the first summary of the visual inspection 
of the interior of the S/C to determine the extent, 
of damage to the structure, plastic control knobs 
and glass dials. (Reference 18-2) . 

Explanation and Discussion of ECS Water/Glycol 
Circuit Prior to and After the Fire Report 


This is a summary of the internal and external 
water/glycol system configuration throughout the 
test. It also contains a sequential history of 
significant system parameters. (Reference 18-3) 

Spillage of Ethylene Glycol/Water (RS89-a) as a 
Possible Cause of Fire in S/C 012 


This report presents laboratory results on the. 
properties of water/glycol and its inhibitor, 
agents. It points out that the residue remaining 
from. any spillage or leakage is hygroscopic and 
corrosive. It postulates a theory that fire can 
be produced from electric short circuits caused by 
glycol/water residue in electrical insulations. 
(Reference 18-4) 

ECS Oxygen System Description and Interim Data 
Evaluat ion 


This is a summary of the internal and external 
oxygen system configuration throughout the test. 
It also contains a sequential history of signifi- 
cant system parameters. (Reference 18-5) 
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Communications Analysis Report 


This report covers the configuration of the complete 
voice communications system - the Spacecraft, Space- 
craft/Ground Interfaces and Ground Systems. It 
includes detail transmission information during the 
last ten minutes of the test. (Reference 18-6) 

Mock-up 2 Mobility Evaluation Test Results 


This report presents the results of a crew mobility 
test conducted at KSC. This test was conducted to 
determine the capability of a crew to see certain 
areas of the spacecraft and to perform certain 
actions with respect to time. (Reference 18-7) 

5 . Brainstorming Meetings 


When the initial review of data and hardware failed to 
disclose an obvious source of the fire, a series of brain- 
storming meetings was held with participation by test 
engineers, design engineers, astronauts, etc. The purpose 
of these meetings was to initiate and critique possible fire 
initiation and propagation theories. 

A large number of potential fire initiation and propaga- 
tion theories were proposed and evaluation sheets were 
established to build up the supporting factors for the 
theory, negative factors to refute it, and. to delineate 
additional physical examinations or tests required to 
support or to eliminate the theory. A .total of 47 potential 
initiation theories have been proposed and evaluated. All 
of these are attached as Enclosure 18-55. 

Of the 47 potential. initiation theories, 4G are closed 
as not considered likely ignition sources, and one is closed 
as a probable potential ignition source. 

The one probable ignition source is the DC wiring 
completely burned through in harnesses providing power to 
Environmental Control System instrumentation. Two potential 
initiation theories of a more general nature were also 
considered. These are described below. 

a. Cold flow characteristics o 1 ’ Teflon insulated wire. 

Teflon wire was selected for the spacecraft because 
of excellent resistance to high temperature, good 
dielectric properties, lightweight characteristics, etc. 
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It has, however, in. common with other plastic materials, 
cold flow characteristics which permit the insulation 
to flow away from localized high pressure points over 
long periods of time. It is possible that localized 
high pressure points, either between wires or between a 
wire and structure, could ultimately result in break- 
down of the insulation. All wire bundles in the space- 
craft which showed damage were carefully inspected for 
signs of arcing. Only those locations delineated in 
other sections of this report showed such signs. 

b. Failure of electrical connectors duo to water/ 
glycol spillage: 

The characteristics of the inhibitor used in the 
coolant water -glycol fluid leaves a residue that is- 
electrically conductive, hygroscopic, and flammable. 
Leaks of water /glycol occurred in the lower equipment 
bay and Environmental Control Unit area during earlier 
tests on S/C 012. These leaks were mopped up and 
connectors and accessible wire harnesses were washed 
with distilled water and alcohol, and dried with 
nitrogen. 

After the accident . all connectors were carefully dis- 
connected, photographed, and inspected for any signs of 
internal burning or arcing. No evidence of internal arcing 
or burning was found which indicated a fire source. A few 
isolated cases of pin arcing were found, but these appeared 
unrelated to the fire since all surfaces in the vicinity 
were clean and without any indication of a combustion path. 
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The purpose of this section is to summarize briefly 
the recorded data indications that were unusual and unex- 
pected prior to the crew report of fire, and significant 
data indications • following the crew report of fire. 

a • Gas Chormatograph Telemetry Indication 

Gas chromatograph channel output variation occurred 
at 23:30:50 GMT. The gas chromatograph was not instal- 
led for this test and the connector that, carries the. 
telemetry data signals and the required AC power was 
placed on the gas chromatograph shelf prior to. the 
test. Power to the AC line in the connector, was turned 
on during the test, as required by the test procedure. 

A careful examination of records showed activity on 
this channel seven times prior to 23:30:50 GMT. 

Following is a summary of the seven periods of activ- 
ity (see Enclosure 18-7): 

Trace A - 22:04:45 GMT - Gas Chromatograph (GC) trace 
changed in exact correlation with a rise in 
the VHF/FM RF' output when transmitter was 
turned on. GC output change was 2 to 3 per 
cent . 

Trace B - 22:06:54 GMT - This trace correlates with 
middle gimbal angle stabilization loop, 
responding to fine align mode. 

Trace C - 22:19:23 GMT - This change in the gas 
chromatograph trace correlates to the 
Guidance and Navigation System (G&N) 
going to coarse alignment. 

Trace D - 22:20:09 GMT - Change correlates with G&N 

going to fine align. The large current drawn 
by this change in the G&N mode also caused 
transients on DC bus A and DC bus B. 

Trace E - 22:34:46 GMT - Pilot turned updata link to 
UHF. 
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Trace F - 22:53:13 GMT - Environmental Control Sys- 
tem monitor reported high oxygen flow. He 
asked crew if the face plates were opened. 
Crew said "No." Much noise in background 
of Spacecraft. 

Trace G - 22:55:40 GMT - Command Pilot changed cobra 
cable and was in process of communication 
check at this time. Location of Pilot was 
not known. Pilot did get cobra cable and may 
hav.e still. been in the lower equipment bay. 

Trace H - 23:30:50 GMT - Variation just prior to the 
accident . 

The telemetry data line in the connector has the 
characteristics of an antenna, and consequently can de- 
tect changes in the electromagnetic field within the 
spacecraf t . 

b . AC Bus 2 Voltage Variation 

A momentary increase in AC bus 2 voltage was noted 
at approximately nine seconds before the crew report of 
fire, and at the same time the recorded parameters moni- 
toring the equipment powered from AC bus 2 showed abnor- 
mal indications. Enclosure 13-3 shows the parameters 
and changes, .with the times of sampling by the telemetry 
system. Thesi' were: 

(1) Rise in AC’ bus 2 voltage phases A., B and C 

(2) 1.7 second dropout of C-band decoder and 

transmitter outputs 

(3) Momentary dropout of VHF-FM carrier 

(4) Fluctuation of rotation controller null out- 
puts 

(5) Gas chromatograph telemetry signal transient 

Other equipment connected to AC bus 2 at this time 
had no telemetry monitoring capability that would detect 
effects of voltage variation. 

The associated changes which occurred at the time 
of the AC bus variation are individually discussed: 
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(1) The C-band beacon parameters dropout occurred 
for approximately 1.7 seconds. The 1.7 second drop- 
out observed is the minimum recovery time oi the pro- 
tective circuit internal, to the beacon to prevent 
magnetron damage. Possible causes of the C-band 
beacon . dropout arc: 

(a) Interruption of AC bus 2 power would 
cause the C-band beacon dropout as verified 
by special tests on a C-band beacon similar 
to the one used in S/C 012 . 

The test indicated that interruptions 
of the AC power, all three phases, or phases 
A and B, or phases B and C, for 10 millisec- 
onds or more created a dropout. 

(b) Momentary drop of range interrogation ; 
however, the range C-band station log shows 
no report of. interrogation dropout at this 
time . 

The most probable cause of the beacon dropout 
was a momentary loss of AC input power to the beacon, 
particularly since the transponder dropout was coin- 
cident with the variation of the AC bus and the beacon 
performed noi’mally after the recovery from the di op- 
out until loss of the data. 

(2) VHF-FM transmitter signal dropout occurred for. 
approximately 30 milliseconds. A dropout of this 
nature has been duplicated by special tests conducted, 
by Collins Radio Company with a transmitter under 
similar conditions. These tests show that the re- 
ceived video signal during the noted time can be 
matched very closely. by a momentary dropout on the . 

AC supply (all three phases) to less than 50 volts, 
or a dropout of DC supply to less than 6.5 volts for 

a period of 15 to 20 milliseconds. Since the VHF— FM 
transmitter recovered, as did the C-band beacon, the 
most likely cause of the dropout was a momentary inter- 
ruption of the AC input power. 

(3) Rotation controller null outputs showed momen- 
tary transients in each of the three control axes. 

The rotation controller outputs which were reading 
slightly off null just prior to the voltage variation 
(the controller was pinned) are supplied by phase A 
ol AC bus 2. Special tests have shown that the null 
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output transients can be duplicated by a momentary 
interruption of AC bus 2 phase A input power. 

(4) The gas chromatograph telemetry signal showed 
a sharp transient coincident with the voltage varia- 
tion. The character of the transient is indicated 
in Enclosure 1.1-7. 

The AC bus 2 voltage increase appeared on all three 
phases momentarily. The AC bus voltages are sampled ten. 
times a second by the instrumentation system. . It is, 
therefore, impossible to determine the actual variation 
of AC bus 2 voltages for 100 milliseconds prior to or 
after the observed vo.lt age increase. In addition, special 
tests indicate that there is an inherent delay and stretch- 
ing of the AC voltage signal conditioner output due to 
rectification and filtering. Consequently, an AC voltage 
transient occurred several milliseconds- prior to the time 
indicated in the S/C 012 data. However, the AC bus volt- 
ages are connected to an overvoltage and undervoltage 
sensor which will trip if the voltage on any phase ex- 
ceeds 135 volts AC or drops below 90 volts AC for 32.5 
+7.5 milliseconds. Main bus A and B voltages arc also 
monitored by an undervoltage sensor which will trip if 
the voltage drops below 26 volts DC for 70 + 30 milli- 
seconds. Any one of these conditions would cause a 
master alarm. The master alarm did not occur during 
the period oi the AC bus 2 voltage variation. 

c. High Oxygen Flow Rate 


At 23:30:59 GMT the oxygen flow rate measurement, 
went to a saturated condition of 1.03 pounds per hour. 
Fifteen seconds later, the caution and warning system 
master alarm was triggered. The oxygen (O 2 ) flow 
stayed in a saturated condition until loss“of signal 
(LOS). Oxygen flow rate and associated data are shown 
in Enclosure 18-9. 

There were 10 other periods during this test in 
which an unexplained saturated flow rate condition 
existed. A correlation of relevant data for these 
unexplained periods is shown in Enclosure 18-10. The 
actual flow rates for several of the times listed were 
computed using measured surge 1 tank pressure. 

Four possible conditions can cause a high oxygen 
flow indication. These are: 
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(1) HoO Cyclic Accumulator Activation - The cyclic 
accumulator is actuated every 10 minutes for a ten 
second duration by the Spacecraft Central Timing 
Equipment (CTE) . The diaphragm pump is actuated 
when the CTE triggers the circuit. During the 10 
seconds in which the solenoid is open, the 0 2 flow 
transducer will saturate and energize circuitry which 
could trigger the Caution and Warning System high— O 2 
flow indication; the system is, however, equipped 
with a 15 second time delay to prevent the 10 second 
high flow condition from triggering the system. 

(2) Suit Leakage - Crew suits are not designed for 
the very low delta pressures that were piesent dur- 
ing this test. The joint seals, etc., are not ade- 
quately effective at low differential pressures and 
therefore crew movements can induce suit leakages 
which result in high-0 2 flow rates.. 

(3.) Open Helmet Visor - Enclosure 18-12 shows that 
with an open helmet visor. (23:19:13 GMT), Surge Tank 
Pressure responds within about 5 seconds. For this 
condition the surge tank pressure decayed from 739 
to 480.6 psig (see Enclosure 13-13 which shows the 
history of surge tank pressure for the entire test) . 
During the last high-0 2 flow condition the surge tank 
does not start decreasing for 12 seconds. 

(4) Crew. Movement -During five of the ten unex- 
plained high oxygen flow rates, listed in Enclosure 
13-10, the voice tapes indicate the crew was trouble- 
shooting the communications problems. During the last 
three high-Oo flow rates the Guidance and Navigation 
System gimbal angle movements have been correlated 
with crew motion and biomed data. Of particulai in- 
terest is the time period of 23:24:03 to 23:24:06 GMT. 
Five seconds prior. to start of high-0 2 flow the bio- 
med data indicates a deep breath and possible talking 
by the Senior Pilot. Biomed data are available from 
the Senior Pilot only. The slope at the start ol high- 
Oo flow correlates with the characteristics of the 
data when the Command Pilot opened his face plate at 
23:19:13 GMT. Another significant period is at 23:30:59 
to LOS, where the middle gimbal torque motor input shows 
response to motion at 23:30:24 GMT. At this time the 
Oo flow starts a gradual rise. At 23:30:39 GMT the 
gimbal torque motor inputs reflect a distinct vehicle 
motion. The biomed data from the Senior Pilot, shown 
in Enclosure 13—14* show the start of motion which is 
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also reflected In the 
flow. At. 23:30:59 GMT 
saturation with motion 
the inner gimbal. 


continued increase of 0 2 
the 0 2 flow rate reached 
still being indicated on 


d. Live Microphone Condition 


Voice tape analysis and instrumentation ^ta records 

Ihc portion or the final tost period. 

The live microphone condition «as evidenced in^a 
real time during “Jj ^ l T “J “ 0 ^.‘ Data analysis using 
SrVEim Island Launch Area Open-Loop Communication 

ffXK S2 Z^^nfSra^ilS:,. 

GMT. 

Hnwovpi' a review of the Mission Control Center-KSC 
H Kltape showed that the MOLC tape recorder was 
(MCC-K) tape s ! on - -^7 -19 and 22:13:49 GMT. Further 

SVllTC £ LC 7 tape established no evidence of tbc 

bc^an between 20i57*19 and * 

The cron became aware of the live microphone condi- 
1 ton’a t 22:26: « - «Car to a ser es^^U cubic 

shooting exorcises. These cxeicis ’ P. t tUc livc 

micr o phoneme ond it ion° exis ted in the Command Pilot com- 
munication system. The known exercises weic. 

(1) The Command Pilot switched from the 
connector to the "emergency" connector ol his cob. a 

cable . 

(2) The Command Pilot, and Senior Pilot in tti changed 
cobra cable's. 

(3) The Command Pilot and Senior Pilot placed theii 
cables back in the original configuration. 

(4) The Command Pilot replaced his cobra cable with 
a flight spare. 

( 5 ) various audio control panel modes wore tried. 
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rpj^£ live microphone condition 
after the above exercises and was 
the cvcw report of fire. 


continued to exist 
in evidence through 


o . Crew Movement 

Crew activity was evident for about * he 3 °m, 

second period just before the crew report of 
data that indicates movement is shown in Enclosuie U 14 
where several parameters support the locations. T 
crew was not required to perform any opciation 01 
Mo during this time. The Enclosure shows changes in 
ti l torquing voltage to the gimbal torque motors indi- 
cating significant spacecraft motion. 

Activity of the Senior Pilot was interpreted from 
respiration rate, heart rate and phonocardiogram data. 
The Senior Pilot was essentially at a resting baseline 
until 23 * 30*21 GMT, when slight increases xn pulse and 
respiratory rate was noted. At 23:30:30 GMT there was 
a 4.5 second burst of noise on the elec trocai dio^i a 
trace indicating some muscle activity. A siniilai uis 
occurs at 23:30:39 GMT accompanied by maximum noise on 
the phonocardiogram. The data are consistent wi a i 
cr eased activity, but are not indicative oi an alaim 
response. By 23:30:45 GMT all biomod parameters have 
begun to revert toward baseline levels. 

The Command .Pilot’s Live microphone oonrixtion on 
the S-band voice loop indicated considerable amoui 
of brushing and tapping-type noises during the 30 
second time period prior to the crew repo toiiiic. 
Noises on the S-band voice loop pnoi to this tin 


were no t ot this inaj 


cni tude or density 


Additional indication of crew activity was the on- 
set of increasing oxygen flow to the suit cncuits din- 
ing this, relative time span. 


i. Cabin Pressure Rise 


A determination of the pressure the 
and the approximate time of structural 
eluded in this section. The analysis is 
vations from previous tests and certain 
the hardware design. 


cabin attained 
rupture is in- 
based on obscr- 
kuown facts ol 


The installation of 
MEASUREMENT unit on the 


the optics system and INERTIAL 
navigation, base is shown in 
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Enclosure 18-15. The navigation base is shock mounted 
on the Command Module structure. The optics system 
penetration through the pressure vessel is a set of bel- 
lows which forms the crew compartment seal. Navigation 
base displacement is most significant in the spacecraft 
pitch axis. The inertial reference and spacecraft axes 
are not coincident, therefore, gimbal angles must bo 
transformed to reflect navigation base motion (refer 
to Enclosure 13-16). 

A finer detiil of the navigation base is shown in 
Enclosure 18-1.< . The single lower shock mount acts as 
a pivot point. The optics bellows mounted at the. upper 
extreme end of the navigation base allows motion of 
the base about that pivot. A pressure differential 
across the optics and bellows assembly results in a 
force which will tend to rotate the upper end of the 
navigation base outboard. Any rotational motion or 
angular displacement of the navigation base will be 
reflected in ihe Inertial Measurement Unit (IMU) gimbal 
torque motor currents and gimbal angles.. Deflection 
of the navigation base has been correlated with dif- 
ferential pressure across the optics and bellows 
assembly through data acquired during the altitude 
chamber test of S/C 012. The results are shown in 
Enclosure 10-13. With the cabin pressurized to 5.5 
psig, the upper navigation base was deflected outboard. 
An approximate linear movement of the navigation base 
was noted ns a function of decreasing cabin pressure. 

Variations of temperature on. the Command Module RCS 
”A” engine, CR 4561T, and on the Af.t Heat Shield thermo- 
couple, CA 5193T, are displayed in Enclosure -13-19 dur- 
ing the time of. the accident. . Cabin pressure and the 
three gimbal angles are also included for correlation. 
The variation of cabin pressure is shown from telemetry 
data which reached saturation at 21.3 psia. For com- 
parison. a second curve is shown which was developed 
from results of a digital simulation performed at AC 
Electronics, Milwaukee, Wisconsin, which determined the 
cabin pressure required to attain the gimbal angles 
observed during the accident. 

The gimbal angles in Enclosure 13-19 change with 
the cabin pressure and reach an apparent maximum at 
21:31:20 GMT. then reverse direction, indicating a 
decrease in cabin pressure. Because ol the low sample 
rate of these measurements, the actual peak deflection 
and time of gimbal angle reversal is unknown. The RCS 
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S9e S in r tlSSu« m sta?ti^ at 23:31: wts^GMT.^AssuS- 
tng the sharp rise in pressure Vessel must 

have^ccurre^prioi^to start of : temperature rise because 

fore the rupture must have occurred between 2 3-31.18 
and 23:31:19.86 GMT. The time of rupture was estimatd^ 

„ t 23*31*19 4 GMT by Panel 10. The time of -3.31. 

was^the last gimbal angle data point prior to the sharp 
temoerature rise at 23:31:19.86 GMT. Following the 
ruoture the cabin pressure would decrease allowing 
t he ^ n a v i g a t i on base to move toward its initial posi- 
tion. Results of a digital simulation indicate the 
cabin pressure reached at least 29 psia. 

g , Suit Flow Dropout 

At °3 *31*09.62 GMT the suit flow rate of the Senior 
Pilot at the upper limit of the transducer (satu- 

j\ f 9 c 97 ib/hr The flow rate per man was actually 
rated) oi 25.27 lb/hi . inc iiow * One-tenth 

nio-hfpv and was approximately b4 id/iu pei v 

highei ana was app 23 * 31 * 09.72 the flow rate had 

So^r^tirto^riirnii oi the transducer 
and stayed there un til 23:31 11.82 GW. It 

- s • &”»ss !*»« ^ «■ 

period (see Figure 18^18) . 

There are three possibilities that could explain 
the suit flow drop-off. These are: 

m P momentary short in the suit flow transducer 
wires would explain the suit flow transducer going 

5r 

SOT “?JSi?is o iS -vv 

suit flow in fact changed. 

(2) If the suit outlet hose was disconnected, the 
*«uit outlet has a check valve in the suit which 
Itoos the flow to the suit giving an indication of 
no flow The suit delta pressure and suit compres- 
sor delta pressure should increase and, in fact, 
aid is shown in Enclosure 18-20. The decrease l 

^?LSrc:r^y^iSt^:t!d S r^ t a ^?n.th5eu g h 
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and/or* subsequent reconnection of the outlet hose. 
Disconnection and reconnection of the outlet hose 
within a 2 second time period is highly unlikely. 

If this argument is to hold, the suit must have 
burned through to re-establish flow and sometime 
later the outlet hose was reconnected to the suit. 
The outlet hose was found connected after the acci- 
dent, which tends to weaken the argument in light 
of possibility (3) which follows. 

(3) The suit inlet hose was found disconnected 
from the Senior Pilot’s suit. An explanation of 
this could be that the Senior Pilot disconnected 
his suit inlet for emergency egress. 


h. Water/Glycol System Integrity 

Pressure and temperature measurements in the water/ 
glycol system were examined to determine if any line 
rupture or leak might have occurred prior to or during 
the early phase of the fire. 


No indications of a leak were found. It should be 
recognized that very slight leakages (less than about 
0.5 cubic inches) could not reliably be determined 
the information available. 


h 
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7. Data Analysis and Correlation 

The purpose of this section is to treat each data indica- 
tion Drior to the crew report of fire in combination wi 
engineering tests and analyses, and correlate with other avail- 
able information to provide an integrated technical evaluation. 

a . Gas Chromatograph Data Interp retation 

In the preceding section it was reported that the 
gas chromatograph measurement output varied seven times 
in the 22-00 to 23:00 GMT time period It then remained 
totally quiescent for approximately 35 minutes, and at 
23-30:50 GMT approximately 14 seconds prior to the ere 
report of fire, it again produced an output . 

The last output is considered to have a special 
meaning with respect to the accident , because the- trace 
was quiet for so long a period, and because an output 
occurred within seconds of the fire. 

Tests were conducted at MSC and at the Contractor s 
facility to determine what physical phenomena can cause 
an output to be produced from a powered and ^as 

chromatograph electrical connector. Enclosure 18-21 
ShoSs the variations from two of these tests compared 
wl?h the output from S/C 012. Trace A shows the output 
from a S/C 008 test at MSC, during the period of time 
when a plastic bag was being removed from the connector , 
where the wiring and connector were touched with bare 
hands. Trace C shows the output from a North American 
Aviation, Downey, California, test during. the P er *°^ , 
of time when the wiring and the connector were subjected 
to an external flame. The composite data from all 
special test indicate that an output from the connector 
can be produced by the following: 

(1) Physical movement or disturbance of the wiring 
and/or the connector 

(2) Application of external heat to the wiring 
and/or the connector 

(3) Changes in the electro-magnetic field, affect- 
ing the antenna characteristics of the wiring and/or 
connector 

Tests are being conducted in which a wire will be 
sparked with a gas chromatograph connector nearby to 
determine if any output can be produced. 
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b. 


AC Bus 2 Transient 


■%. r 


The AC bus 2 over-voltage condition observed at 
approximately nine seconds before the crew report of 
fire is a characteristic inverter response attributable 
to one of the following conditions: 

(1) Momentary short or interruption of DC bus B 
input power to inverter 2 

(2) Momentary short on one or more. phases of 
inverter 2 output 

(3) Removal of a major portion of the load from 
inverter 2 

Enclosure 18-22 shows the. basic AC and DC power 
distribution system configuration at the time of voltage 
variation. Power was in a standard configuration at 
the time. 

Special tests have been conducted on S/C 008 at MSC 
and at the Contractor facilities to reproduce the teleme- 
try voltage characteristic and the associated changes in 
C-band beacon, VHF-FM transmitter and rotation controller 
outputs. These tests show that the time relationship 
between the over-voltage indication and associated changes 
can only be duplicated by a momentary short or interrup- 
tion of DC bus B input power to inverter 2. The results 
for all three conditions are shown in Enclosure 18-23. 

In this figure test AC bus 2 voltages versus time have 
been plotted with zero time as the time of VHF-FM trans- 
mitter and C- band beacon changes. The time that AC bus 
2 voltages were sampled on S/C 012 is also indicated for 
each test condition. The data for the output of the AC 
bus 2 voltage signal conditioner was available only for 
the inverter DC input shorting test, but the plot of the 
bus voltages for the other conditions shows that the 
over-voltage occurs earlier and for a shorter time dura- 
tion . 


Voltage regulation tests were run on the ground 
power supply at Launch Complex 34. These tests were 
run under similar load conditions (30 amps) to that 
existing on DC bus B in S/C 012 at the time of the 
accident 
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Short circuits of 0.25 ohm resistance were applied 
across the bus for periods of 5 to 25 milliseconds. 
Measurements of voltage at the umbilical interface, 
voltage and current at the power supply were made using 
a CEC recorder with response characteristics good to 
5000 cps. In addition, the ACE equipment was set up 
to monitor power supply voltage and current in a similar 
manner to that used for OCP FO-K-0021-1. 

These tests indicated that a short circuit in the 
range of 5 to 25 milliseconds drawing approximately 75 
amps caused an immediate drop in bus voltage of 13 to 15 
volts, recovering to about. 3.6 volts below steady state 
conditions after 1 to 1.5 milliseconds. The voltage 
remained constant until the short. cleared a * ^volti”* 
it. overshot steady state conditions by about 10 volts 
recovering to steady state by 1 to 1.5 milliseconds. 

The ACE indications of voltage and current were 
sporadic, depending on the time of the short relative 
to the ACE. sample time (sample rate 1 per second). 

Several current measurements were obtained for the 20 
and 25 milliseconds duration shorts. These current indi- 
cations were quite low, from 1 to 6 amps, apparently be- 
cause of the transient response characteristics of t e 
current measurement system. 

It is concluded that the probable cause of the AC 

bus 2 transient and associated indications was a momen- 

tary short (2 to 25 milliseconds) of DC bus B atiecting 
the input voltage to inverter 2. 


c. High Oxygen Flow Rate 

Telemetered data indicate that the high oxygen flow 
rate conditions for the last 30 seconds before the crew 
report of fire can be attributed to the apparent high 
level of prime crew suit leakage at low suit-to-cabin 
differential pressure, magnified by apparent crew 
activity. An analysis of S-band audio data also indi- 
cates that a face plate may have been open. An analysis 
was also conducted to determine if the high flow could 
be indicative of a sensor and/or associated wiring 
difficulty. 


It was considered improbable that 
between the signal lead and a 28 volt 
could occur. 


any short circuit 
DC supply lead 
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Single failures could exist within the bridge cir- 
cuitry controlling the flow Sensor which would indicate 
high flow rates on both the PCM output and the signal 
to a high flow alarm relay. A preliminary examination 
disclosed shorts to ground in the flow sensor; shorts 
to ground will produce, a zero or no flow output indica- 
tion. It should also be noted that the location of the 
oxygen flow sensor was a high fire damage area, and that 
the sensor would be expected to be damaged by the fire. 

Based on the above, it is concluded that the high 
oxvgen flow data indication was valid, and that there 
was no malfunction of the sensor prior. to the crew report 

of fire. 

d # Command Pilot Live Microphone 

The live microphone connotation means that the 
microphone amplifier in the audio center has received 
a ground, allowing 28 volts DC to energize the amplifier 
electronics, and the diode gates in the audio center on 
the S~band audio output have been grounded, allowing 
audio signals to modulate the S-band transmitter. These 
two conditions are normally effected by a crewman pres- 
sing his Push-to-Talk (PTT.) button on the cobra cable, 
or in the Command Pilot’s case, by Passing his trans- 
lation controller PTT or his cobra cable. PTT button. 

The PTT button, in addition to the above function, pro- 
vides a ground for the VHF / AM Transmitter keying relay 
through the audio control panel VHF/AM T/R select switch. 
These VHF/AM T/R switches are connected together for all 
three astronaut positions which would. cause a ground to 
be transferred among all positions in VHF/AM T./R mode. 

See Enclosure 18-24 for logic detail. 

An analysis of this problem has isolated the .cause 
to the PTT or keying line that runs between the cobra cable , 
translation controller, Command Pilot audio control panel, 
and the audio center (circuitry shown in Enclosure 18-24) . 
The following has been determined: 

(1) The separate components have been checked for 
resistance to ground. All lines measured open which 
is correct. 

(2) The S/C wiring was checked and a 3000 ohm resist- 
ance was measured to ground. This 3000 ohm resistance 
could account for the keyed microphone. However, this 
resistance could be a result of the fire damage to 
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wire bundles. Later, when an attempt was made 
to locate the cause of the 3000 ohm resistance, 
a recheck did not produce the same results. The 
circuit now measures open, which is normal. 

(3) The translation controller PTT button was 
pushed and released ten times. On the fifth try 
the button stuck down. If the button had stuck 
during the S/C 012 test the microphone would re- 
main keyed. 

The audio center has successfully completed qualif- 
ication testing with this line grounded .for twenty- 
eight days. 

A review of switch positions in the Command Pilot 
audio control panel indicates that all switches were in 
the positions expected. When in this configuration, 
current drawn by the keying line is limited to 20 milli— 
amps at 28 volts. Tests run with a cobra cable show 
that no sparks were generated with 28 volts and 150 
milliamps. 

Based on all of the above, it is concluded that the 
live microphone condition was probably not a source of 
ignition. 

e • Cre w Movement 

Crew movement was indicated during the last minute 
preceding the crew repoi c of fire, most prominently by 
the torquing voltage to the gimbal torque motors. An 
attempt was made to determine what type of activity by 
the crew could produce these torquing signals by reviewr- 
ing all available data from previous tests with the proper 
guidance mode selected. There was no consistency in the 
effects of crew activity such that repeatability could 
be shown for presumably similar activities. This may be 
expected since the combination of crew actions for a 
particular operation may never be the same. Similarly, 
the vigor with which an action is performed can vary. 

Even though the crew activity cannot be defined, the 
fact remains, crew motion can be detected. 



f t Analysis of Tape Recorded Transmissions 

The voice transmissions shown in Enclosure 18-5 were 
analyzed with the use of MOLC RF voice recorder tapes, 
oscillographs of the MOLC tapes and PCM data. This 
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enclosure shows the VHF /AM and S-band voice tracks 
oscillograph readout from 23:29:42.5, GMT to LOS. 

(1) 23:29:42.5 to 23:30:14 GMT 

(a) The Command Pilot was transmitting on 
S-band. The Senior Pilot made a voice trans- 
mission on S-band and VHF/AM. There was no 
voice transmission by the Pilot. 

(b) The ground personnel were transmitting 

to the S/C on S-band. The voice of the Command 
Pilot was being turned around by the CAST 
(Astro Communicator Console) system and r.e- 
transmitted to the S/C on VHF. 

(c) The live microphone noises were not 
evident, probably because of the higher noise 
level caused by the uplink S-band being patched 
to the MOLC RF r^: order. 

(2) 23:30:14 to 23:31:00 GMT 

(a) There were no voice transmissions from 
the S/C. 

(b) The ground personnel were not transmitting 
to the S/C on VHF. 

(c) There was no change in the live microphone 
condition. Considerable amounts of noise similar 
to those obtained when a microphone is brushed 

or tapped, including breathing sounds, were 
evident.. Some of the louder noises appear to 
have had sufficient amplitude .to trigger the 
uplink VHF/AM via CAST. 

(d) There is evidence of an open visor. 

(3) 23:31:00 GMT to LOS 

(a) There were two series of voice transmissions 
on S-band. The times for these two transmissions 
are detailed in Enclosure 18-5, No voice commun- 
ications on VHF were made from the S/C during 
this time period, 

(b) The ground personnel were not transmitting 
to the S/C on VHF. The voice transmissions 
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fr om the S/C were being turned around by the 
CAST system and were retransmitted to the S- 

on VHF. 

(4) Analysis of Voice Tapes During the Period of 
Fire 

The tape transcripts of. the y oicc tape. 
the CM durtus the tine per oo^ Enclosure 

S S -This analysis 

I8-b ) , nave uw* vnnmnissioas prior to tut 

included a review ol all units u, c test in 

lire that were made by ol who made 

an attempt to aid . <inc i w i u u was said., 

these last two transmiss ‘ personnel familiar 

This analysis was made by NASA P“* 0 ™ ew and thcir 
with the communication Jjrstcmm » ^ o£ events before, 

voice charactcribt u , determined during the 

during and alter the lllc * t the poll Tele- 

accident . invest ion. h^P ex ^ e ‘ nSive analysis of 
Phone Laboi atoi ics pe . ftlso rev iewed those trans- 

Lho tape rccoid. • experts is currently in 

missions . Rovi«J °J? om these additional 

S£SS5\m V 'incited in Appendix 0 of the final 

Report . 

i the first transmission, 

, i» impossible to deline 

which is quite tua » Two points made 

exactly, what was said , ‘ , however, 

by the Boll Telephone l.aboiatoxy , 

should bo noted: 

* vs* r, t r»— <■»{'— t ho— art of analyses 
( ■\) The present sstatc. 01 ll1 , ‘ a . anv- 

^lhB!°cah U rdete?ml »«1 J^La^o 

it* the rocordmg is not biuutio j 

be intolliBihle by "Sn^p^wide some 

u r l ° r ::: C ^lermirrihieh criw member Initiated 
the° transmission. These clues cannot however 
establish definite identity. 

“relations ot what was so .Id as . the u ° «“J al 

lll0d .Id^mre'beeh ma U. A summary ot these 
Imot-prclauons ts made in lho .ollowtnB para- 
graphs . 




is a/?o e nS SlS ° f the lirst voioe transmitted 

. transmission began at 23 ' 3 i*nj. i rum 

is orete^s &s^a~r" 
initial remark was one of the following: 

"Hey" 

"Fire" 

"Break” 

, M ° st listeners believe, and laboratory 
analysis supports this belief 

mission was made by the CommaAd Pilotf ThiJ nS ‘ 

(bumping S souJldsretc!) a Sh0rt Peri ° d noise 

The second portion of this first tran^ 
oie^°2ord gln ?o^ 23: 31 : 06. 2 GMT with an un- 
to be one^of the foU^t^ beUeV£ the flrst 

"I’ve” 

"We're" 

remainder of this transmission is 
quite clear and is- " 

cocknit" r. iV ....Got a fire in the 

lik e P M . ’ , b y a clipped word sounding 

like vheh , which ended at 23-31 • in mrr >, 

Itjteners believed thin transmission “ ‘inj 8 " 3 ' 
been made by the Pilot. Some believe it could 
have been made by the Command PiloJ or the 
Senior Pilot. However, laboratory analyses 
indicate the greatest probability that it ms 
made by the Pilot, but the r s ft W&S 
analyses do not negate the possibility ?L t 

™ transmission. Crew «->•» 
is a S T followsf SiS ° f the SeCond voice transmission 

Following a 6.8 second period of no 

23 ????Jf S a°™ the second transmission began at 
23.31:16.8 GMT and ended at 23:31:21?8 GMT? 
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The entire second transmission is somewhat 
garbled. This second transmission, therefore, 
is subject to wide variation of interpretation 
as to content and as to who was making the trails- 
mission or transmissions. The general content 
is wnat appears to be three separate phrases 
and it has been interpreted several ways by many 
listeners. The following is a list of some of 
the interpretations that have been made: 

1. "They're fighting a. bad fire - Let's get 
out ... .Open' er up." 

2. "We've got a bad fire - Let's get out .... 

We're burning up." 

3. "I’m reporting a bad fire..,. I’m getting 
out.... Oh, aah." 

Many listeners believe this transmission 
was made by the Pilot. It should be noted that: 

a. The total time duration of these two 
transmissions was brief, lasting 17.1 seconds; 
the first lasted 5.3 seconds and the second 
lasted 5.0 seconds, with a 6.8 second period 
of no transmission between. . 

b. The transmissions provide evidence only 
of. the time the crew first transmitted a 
report of the existence of the fire and do 
not provide any direct information as to 
the cause of the fire. 

Two analyses of tape recorded transmissions were 
completed. The detailed findings are contained in 
references to this document. The first, Reference 18-8, 
is a report prepared by Poll Telephone Laboratories. 

The second, Reference 18-b, is a report prepared by 
NASA MSC. 

g. Related Tests and Analyses 

The purpose of tiiis section is to cover special 
tests, analyses, additional data and other information 
that is essential to complete the investigation of the 
accident . 

A brief summary of significant special tt.:-t results 
is attached as Lnclosure 18-56, 
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(1) Onboard Records Analysis 

Items of onboard procedures, log books, 
switch lists, etc, found in S C 012 after the 
accident were delivered to the Federal Bureau of 
Investigation for reconstruction and spool rographic 
examination. All of the item:' have been positively 
identified. Written remarks were either changes 
to the OOP switching lists or crew comments in the 
crew log. books . None of the comments arc signifi- 
cant with respect to the accident and no other 
information was found pertinent to the cause of 
the fire. 


(2) Status of Inverter 2 Investigation 

Inverter 2 tParl No. MK -195-0001-0004, serial 
No. 88) was returned to West inghouse facility in 
Lima, Ohio, for investigation relating to the b C 
012 accident. 

The results of the initial electrical tests 
conducted on the inverter disclosed that a pair 
of transistors in t lie booster stage was shorted 
and a fuse was open. The other four transistors 
in the inverter's booster stage were removed and 
checked out satisfactorily.. The good transistors 
and now replacements were reinstalled. The inverter 
was again electrically chocked and operated satis- 
factorily, Replacement ot. the fuse was not required 
for this cheek. 

It is concluded that the inverter was not the 
source of the fire and that t lie transistors failure 
was due to thermal stresses induced by high tempera- 
tures external to t lie invert or. The fuse was probably 
damaged during t he effort, to remove the foam in order 
to gain access to the internal test points. li is 
also concluded that the inverter could not have caused 
t he AC bus 2 transient at 22:20:54: SB GMT for had the 
transistors tailed at that time the inverter would 
have dropped out and stayed out. 

(2) Status et Ft'S Parts and Assemblies Investigation. 

The Screening Committee Report listed 54 Knviron- 
mental Control System parts and assemblies as possible 
ignition sources. Further investigative work has 
placed 52 of t heso int o the improbable ignition source 
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category. The two remaining suspect items are still 
being analyzed and are identified as follows: 

Electrical Cable Assembly P/N 836599-1-1 

Electrical Cable Assembly P/N 836602-1-1 

The two cables assemblies are connected in 
series. Both carry DC power to an instrumentation 
temperature sensor power supply. The power supply 
then provides power to five signal amplifiers. 

Both DC bus A and DC bus B power wires were 
contained in these cables and both were protected 
by 5 amp circuit breakers. The circuit breakers 
were found open after the accident. Anomalies 
were not observed on the data from the five measure- 
ments. A short in one of the above cables would 
not show an anomaly on. the data since the redundant, 
power would continue to supply power necessary to 
maintain the integrity of the measurements. 

Post?*fire tests did establish a grounded condi- 
tion in both harnesses and visual inspection revealed 
t. .it a considerable amount of one of the cables was 
completely consumed by fire. These harnesses. are 
covered in more detail in section 8— A of this report. 
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8. Technical Discussion of Possible Ignition Sources 

The specific cause or the trigger that initiated the fire 
in S C 012 has not been determined. A number of potential 
causes have been identified and actions have been implemented 
to validate each one. so as to determine which will remain as 
likely possibilities.. 

The family of possible sources of ignition that apply to 
the Command Module includes: 

(a) Spacecraft electrical power 

(b.) Overheating of mechanical equipment 

(c) Electrostatic spark discharges 

(d) Spontaneous combustion 

The most likely cause of ignition is in the Spacecraft 
Electrical Power System. This may provide an ignition source 
from electric arcs that can be produced. by making or breaking 
electric circuits, or by physical failure of a current- 
carrying wire. This most likely supposition is supported by 
the fact that the AC bus 2 power system, exhibited a transient 
ten seconds prior to the crew report of fire, indicating an 
electrical power abnormality just prior to any awareness of 
fire by the crew. 

Spontaneous combustion has been considered 
extensive series of test involving all know combustible materials 
in the spacecraft in combination with all known contaminants 
has been completed. The spontaneous ignition temperatures of 
these materials were all found to be in excess of the maximum 
test temperature of 400°F. All areas in the SC should.be 
well below this temperature unless there is a. malfunction or 
electrical shoi’t. Therefore,, the possibility of spontaneous 
combustion is ruled out. 

Chemicals that are highly reactive can produce sufficient 
heat to start a fire. There are two sources of highly reactive 
chemicals in the spacecraft. These are the batteries and * he 
lithium hydroxide for the Environmental Control System. 

Analysis of data and post-fire examination of these objects 
indicates that they were probably not involved in the start 
of the fire. 

Electrostatic discharge from one of the suits to adjacent 
material, initiating a fire in Velcro pile or other easily 
combustible material, has been considered a source. Tests 
conducted in S C 014 indicate that insufficient energy is 
generated for ignition to occur, (refer to Panel 8 Report). 
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The probable cause of ignition follows: 


a. DC Wiring for Environ mental Control System 

Instrumentation Burned Through 

Three separate harnesses providing DC power foi' 
Environmental Control System instrumentation have been 
found burned through. Two of these harnesses are shown 
in Enclosure 18-25 as they appeared before the accident. 
The harness lying over the Waste Management System bare 
stainless steel line contained both DC bus A and DC bus 
B power wires. The harness lying on the floor under the 
plumbing contained DC bus B power wires only.- The total 
complement and identification of all wires in each oi 
these two harnesses is shown in Enclosure . 


The third harness 
DC bus A and DC bus B 
sensor power supply, 
power to five signal a 
with this harness at a 
also is suspect at thi 
identification of all 
(both similar because 
below : 


that was burned through provided 
power for an instrumentation 
The power supply then provided 
mpli Tiers. The harness that mates 
n electrical panel near the ECU 
s time. The total complement and 
wires in each of these two harnesses 
connected in series) is described 


(1) Twenty-three wires total 

(2) All wires were 24 gauge 

(3) Wires were identified as:. 

28 volt DC bus A and bus B power leads (2 wires) 
28 vol.t DC return (1 wire) 

5.4 volt DC. power supply output (5 wires) 

18 volt DC. power supply output (5 wires) 

-0.5 volt DC. power supply output (5 wires) 
common returns, power supply output (5 wires) 


Enclosure 18-27 illustrates the nature of the 
installation of two of the harnesses on S/C 014. The 
lower edge of the aluminum access door to the lithium 
hydroxide holders contacts one of the harness when the 
door is opened and closed. It is inferred that the 
installation in S C 012 was similar to that in S/C 014. 
Enclosure 18-28 shows the remains of these two harnesses 
after the accident. Sections six to twelve inches in 
length of each harness are missing. If a short occurred 
in either of the harnesses, the evidence is gone. In 
this same enclosure, the third harness that was burned 
through is shown. This third harness is located within 
a one inch radius of the center of the photogiaph* 
connected to the lower electrical connector on the panel 
shown at the left. 
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Splices were made at KSC in the wires of the harness 
lying over the steel line in the DC bus B power and return 
wires on September 12, 1966. These splices were made in 
the wires about four inches away from the point at which 
the harness ran over the line. The splices are still 
contained in the harnesses. They have been examined, and 
all are in a satisfactory condition. 

Debris netting lay over the harnesses traversing the 
complete left side of the Command Module at the floor. 

If a short did occur in these harnesses, ignition and fire 
propagation could take place. 

The harness lying over the line contained instru- 
mentation power for two measurements Oxygen Flow Rate 
and Oxygen Regulator Outlet Pressure. DC bus A and bus 
B 28 volt power was provided to each instrumentation 
sensor. Twenty-two gauge wires were used throughout 
this harness. Two 5 amp circuit breakers were provided 
for these circuits. Bus B power for both sensors was 
protected by one breaker, and bus A power by the second 
breaker. Both circuit breakers were found in an open 
condition after the accident. Both measurements provided 
proper output signals until the loss of all data, some 
17 seconds after the crew report of fire. 

The harness lying under the plumbing contained 
instrumentation power for the Cc>2 Absorber Outlet Tempera- 
ture. It also carried power to a discontinued measurement. 
DC bus B 28 volt power was provided for both measurement 
circuits.. Twenty gauge wire- was used for all power, 
circuits in this harness. Each circuit was protected by 
a 1/4 amp fuse. Both fuses were found in a blown 
condition following the accident. Since the one active 
measurement circuit provided proper output signals until 
the loss of all data, some 17 seconds after the crew report 
of fire, it is concluded that the fuse for this circuit 
did not blow until after this time. Because no data 
exists from the discontinued measurement, it cannot be 
concluded when this fuse blew. 

The third and fourth harnesses at the electrical 
panel contained power for five temperature measurements. 

Two 5 amp circuit breakers were provided for these circuits; 
bus B power was protected by one breaker, and bus A power 
by the second breaker. Both circuit breakers were found 
in an open condition after the accident. All five 
measurements provided proper output signals until the 
loss of all data some 17 seconds after the crew report of 
fire. 
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A momentary shorting condition could have occurred 
in any of the power wires in any of these harnesses with- 
out being seen in the telemetered data and without 
affecting the measurement circuits. 

Indications of copper have been found on the bottom 
of the lithium hydroxide access door. Indications of 
copper and pit marks have also been found on the stain- 
less steel line over which one of the harnesses lay. The 
stainless steel line has been examined in the Metallurgical 
Laboratory at KSC and it has been determined that. there 
are no pit marks indicative of arcing. Two modes of copper 
deposits were evident. One was apparently caused by molten 
copper dropping onto a heated line resulting in alloying 
and diffusion between the copper and stainless steel 
elements. The other was due to dropping of molten copper 
onto a relatively cool stainless steel line indicated by 
molecular diffusion at the bead-tube interface. 

It has been determined that the harness containing 
DC bus B power wires protected by fuses was probably not 
the fire initiator, as current flow is very limited prior 
to the fuses blowing. The other three harnesses, each 
containing both DC bus A and DC bus B power vires, remain 
as probable causes- of ignition. 
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9. 


Technical Discussion of Other Suspicious Wiring 


A physical examination of wiring and equipment for 
arcs, shorted and suspicious wiring has disclosed ten specific 
items, as mentioned in section C-2 of this report. The 
first was covered in the preceding section as the probable 
cause of ignition. The remaining nine are not considered 
probable ignition sources, and each one is discussed in this 
section. 


a. Arc Between a DC Wire and the Cover of J-Box C15-1A5 2 

An arced point was discovered between a wire in a 
bundle and a metal cover at the lower left corner of the 
lower equipment bay just to the left inverter 3. The 
installed cover is illustrated in Enclosure 18-29. The 
back side of the cover showing the arced point on the cover 
and the wire is illustrated in Enclosure 18-30. 

It was determined that the arc occurred between. a 
wire in the Reaction Control System/Stabilisation Control 
System (RCS/SCS) and the cover protecting the C15-1A52 
J-Box. The wiring was traced to a circuit from DC bus 
A, a 16 gauge wire, protected by a 20 amp circuit breaker. 
The wire supplied 28 volt DC power to the RCS plus-yaw 
engine solenoids. The circuit breaker was not opened by 
the short circuit. 

Enclosures 18-31 and 18-32 illustrate the. arced 
point on the cover and the wire magnified many times. 

An arc was produced in this bundle when a technician 
was removing J-Box C15-1A52 on January 17, 1967, and the 
wire was repaired. The wire which arced against the 
cover at the time of the accident is a different wire in 
the same bundle. The wire harness installation had 
obscured access to two cover plate mounting bracket screws. 
This was corrected on January 19, 1967, by separating the 
harness into two bundles for a short distance. With this 
slight relocation, one of the bundles was adjacent to a 
portion of the cover not protected by a nylon grommet 
edging. This is also illustrated by Enclosure 18-30. 

An additional interesting point for this cause 
possibility is that the gas chromatograph wiring harness 
and the bus B 28 volt DC power harness for the biomed 
recorder, which might be associated with pre-accident data 
variations, are attached to the harness that contained the 
arced wire. 
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Supporting factors for this ignition cause possi- 
bility include the definite evidence of an arc, previous 
water /glycol spillage in the general area three months 
before, the flammability of the adhesive for the nylon 
grommet edging, and the proximity of debris trap netting. 

Negative factors include the preventative washing 
and drying of the wire bundles in the area after the 
water/glycol spillage and the lack of any telemetry 
transient indication on that function prior to the crow 
report of fire. A measurement sampled 200 times per 
second, which would show a drop below approximately 10 
volts, shows no change until shortly after. the pressure 
shell rupture, at which time some evidence of a short is 
indicated . 

Preliminary tests have been conducted on the 
flammability characteristics of water/glycol and. the water/ 
glycol inhibitor at Kennedy Space Center (KSC) , Manned 
Spacecraft Center (MSC) , and Raychem Corporation, Redwood 
City, California. These tests support the possibility of 
a fire propagation path along wiring that has been exposed 
to water/glycol spillage or leakage. 

A test was conducted at MSC on a simulated cover 
plate with adjacent flammable materials configured as in 
S/C 012 with the same oxygen/pressure environment. When 
the adhesive/nylon grommet edging was ignited with a 
nichrome wire at the arced. point, there was a fire prop- 
agation along the adhesive/nylon grommet edging spreading 
above to the Velcro on the flight qual recorder and to. 
the left to the debris netting in the lower left-hand 
equipment, bay corner. 

A test was conducted on a duplicate cover plate at 
KSC to determine if an electrical arc would ignite the 
adhesive/nylon grommet edging in the oxygen/pressure 
environment as existed in S/C 012 at the time of the 
accident. During this test, ignition from an arc did 
occur, the fire progressed faster along the adhesive than 
along the nylon edging, and a section of debris netting 
on the opposite end of the nylon edging ignited in appi’ox- 
imatcly 9 seconds. 

In all tests of flammability of adhesive/nylon 
grommet edging combinations conducted to date, there 
was a complete burning of the nylon grommet edging- 
material to the point where it was indistinguishable 
after the fire. A review of Enclosure 18-30 shows clearly 
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that all of the nylon material in S/C 012 did not burn, 
but that a decomposition took place. A test applying 
external flame to the front face of the panel more closely 
duplicates the melting characteristic of the nylon edging 
as illustrated in the same photograph,. This test in- 
dicates that if this arc was the ignition source, then 
the fire propagation path would not bo along the adhesive/ 
nylon grommet edging; the fire propagation path would 
thus be inferred to be along wiring that had previously 
been exposed to water /glycol . 

A hardness analysis conducted on the aluminum cover 
disclosed that the. left edge was exposed to much higher 
temperatures than the right edge. The cover was fabricated 
from 2024-T6 aluminum alloy. The extreme left edge was 
in a T3 aged condition, while the right edge was in the 
original T6 condition. The left edge was, therefore, sub- 
jected to a temperature in the range of 800 to 885 degrees 
Fahrenheit. A physical examination also disclosed that 
the fire progressed from the left side to the right side 
of the panel cover. 

The Velcro on the "f light-qual” recorder panel does 
not appear to have sufficient fire damage to indicate 
that the fire was initiated at this point. A hardness 
and conductivity analysis was performed on this panel. 

The analysis disclosed that all areas of the panel were 
exposed to the same level of external heating. 

A simulated flight-qual recorder panel used during 
a special fire propagation test conducted at MSC was 
sent to KSC for comparison with the S/C .012 panel. It 
was determined that this panel was. of a lighter guage, 
and that the Velcro was applied with a different adhesive. 
The MSC results are therefore considered inconclusive. 

Special tests were conducted at KSC in an oxygen/ 
pressure environment to determine the current required 
to produce a similar arc on a wire and cover as that 
evident from S/C 012 hardware. A test conducted on 
March 28, 1967, disclosed that the nylon edging/adhesivc 
combination was ignited when an arc was produced approx- 
imately 1-1/2 inches away. 

It is highly probable that the nylon edging/adhesive 
combination would be totally burned away if this arc 
was the initiator of the fire. 
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b . Shorted Gas Chromatograph AC Wiring 

The gas chromatograph was not installed on S/C 012 
at the time of the accident. The gas chromatograph 
connector was placed on the shelf of the gas chromatograph 
(GC) compartment. The connector was not bagged, and 
AC bus 1 phase A power was applied to the connector 
through a closed circuit breaker. Twenty-two gauge wire 
was used, protected by a 2 amp circuit breaker. The 
circuit breaker for the GC was found to be open following 
the accident, with a heavily, sooted condition. It cannot 
be determined when the circuit breaker opened. The 
harness was not tied down in a flight configuration 
because the GC was not installed. 

Two physical peculiarities were noted concerning the 
GC wiring and the connector. After the accident, the 
harness and connector were found on the floor. This is 
illustrated by Enclosure 18-33. It should be noted that 
the GC connector lay on a big harness. Enclosure 18-35 
shows two spot ties that were unblackened as a. result of 
being protected by the GC connector. Enclosure 18-35 
shows the side of the connector that lay against the big 
harness and protected the two spot ties. This side 
appears burned and the potting at the back of the connector 
is melted. The GC connector was stuck to the big harness 
and had to be pried loose with a tool. It is concluded 
that the connector was burning in a different location, 
but fell or otherwise moved to its final location prior 
to the time the fire swept across that portion of the 
floor. It can also be concluded that the connector either 
protruded beyond the GC compartment shelf and was burned 
in that location, or that it. was burned while it lay 
inside the gas chromatograph compartment before it fell 
to the floor. 

Secondly, the two GC AC wires exhibited peculiar 
melting characteristics. The output signal leads from 
the connector were fed through a fiberglass sleeve. One 
hundred fifteen volt AC power was carried to the connector 
through a twisted pair of Teflon-insulated conductors. 

These power conducting wires were run along the signal 
leads and were occassionally tied together. The power 
wires show a number of copper balls attached to their 
surfaces. This condition is illustrated in Enclosures 
18-36 and 18-37. 

All attempts to simulate this condition by either 
short circuits or by application of external heat have 
not resulted in a similar appearance of the AC wires. 

It is concluded that the beading was caused by localized 
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external heating, with Teflon insulation degradation 
followed by shorting of the wires, causing molten copper 
to flow through defects in the wire nickel plating. It 
has been estimated 'chat the external heat to produce 
this condition was in the order of 2500°F for less than 
one second. It is inferred that this condition resulted 
as the harness fell through the flame to the floor. 

X-rays and continuity tests of the connector pins 
and input wiring showed no evidence of arcs or short 
circuits. For this reason, this is not a suspect fire 
initiator . 

c . Shorted DC Wires to Scientific Equipment Bay 2 

Wires providing DC bus B power to scientific equip- 
ment were found to be shorted. These are 22 gauge wires 
protected by a 20 amp circuit breaker. The circuit 
breaker was found to be open following the accident and 
to be in a heavily sooted condition. The scientific 
equipment was not installed, therefore, no information 
is available as to when the circuit breaker was opened. 

The wires that are shorted are located at the edge 
of a compartment shelf directly over the entry batteries. 
The location of the wires is illustrated in Enclosure 
18-38. 

The pattern of battery swelling and the scorching 
of the batteries indicates that they were exposed to a 
source of considerable heat centered at the face of 
Battery B, and that very high heat flow occurred in front 
of and in the spaces between the three batteries. 

Tape was applied to protect the battery terminals 
during this test. The spots of scorched residue on the 
batteries was determined to be similar in all respects 
to the tape. The burning of this tape could have burned 
the wiring insulation off, and thereby caused the shorted 
condition. 

Enclosure 18-39 illustrates the shorted wires 
projecting beyond the shelf. It is concluded that these 
wires shorted as a result of the fire from the floor 
(the same heat source that affected the batteries) . Tests 
in the Metallurgical Laboratory at KSC have substantiated 
that the shorting was the result of external heat. 
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Cabin Air Fan 1 AC Wiring Shorted 


The cabin air fan 1 circuit breakers l'or phases 
A and C were round to be open after the fire, and 
electrical tests of the fan circuitry in the spacecraft 
indicated shorted phases. Cabin air fan 2 was in a 
satisfactory condition. Cabin air fan 1 is powered by 
AC bus 1 and fan 2 by AC bus 2. Twenty- two gauge wires 
are used and each phase is protected by a 2 amp circuit 
breaker. The circuit breaker for AC bus 1 phase A was 
found with a very light -sooted condition, and the AC 
bus 1 phase C circuit breaker was found with a sooted 
condition. 

Enclosure 18-40 shows the location of the cabin, 
fans. They arc located on the Command Pilot side- of the 
Command Module. It is not known whether the short circuit 
occurred before or after initiation of the lire. However, 
because there is a lack of fire propagation material, 
it is interred that the shorting occurred as a result of 
the fire. A physical inspection of the fan and the l'an 
area for fire damage does not indicate this to bo a lire 
initiation area. Enclosure 18—11 shows the conditions 
of the fans following the accident. 

An inspection of the fans after removal from the S/C 
shows that both rotors were frozen as a result of melting 
of epoxy on the stators. No shorted condition has been 
found in fan 1. The electrical harness was examined and 
insulation was found burned off in one area. The electrical 
harness is being chocked to verify that the damage was 
an effect and not a cause of the fire. 

e. Crushed DC Instrumentation Harness in Environmental ^ 

Control Unit I 


A wire harness for the Compressor Differential 
Pressure and Glycol Accumulator Quantity instrumentation 
i transducers has been found in a crushed condition. This 

is an Environmental Control Unit harness that was crushed 
between a lithium hydroxide canister and the cyclic 
accumulator control during the assembly process. The 
harness contained ten 24 gauge wires, and contained both 
DC bus A and DC bus 13 power . 


The circuit breakers for these circuits were found 
closed following the accident. The sleeving is intact 
and does not indicate any ruptures. For these reasons 
the harness is not considered an initiating source of 
the lire. 
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f . Short ed DC Wires Providing Power to the Biomed 

Recorder 

Short circuits have been found on the octopus cable 
near connector J185. This connector is located directly 
above the gas chromatograph compartments, and is illustrated 
in Enclosure 18-42. This wiring has been identified as 
28 volts DC bus B power for the biomed Medical Data Ac- 
quisition System (MDAS) recorder. Twenty-two gauge wires 
were used, protected by a 20 amp circuit breaker. The 
circuit breaker was found tc be open following the acci- 
dent, with a heavily sooted condition. The MDAS recordei 
provided satisfactory data until after pressure shell rup- 
ture*,. therefore, the circuit breaker opened after this 
time. The octopus cable was not in a flight configuration 
as the connectors were not potted. 

Enclosures 18-43 shows a closeup of the connectoi , 
and Enclosure 18-44 illustrates the shorted condition 
of the DC wires. 

Enclosure 18-45 illustrates the layout of the power 
wiring to the J185 connector. This wiring runs down a 
channel alongside the right edge of the chromatograph 
compartment, then along the edge of the floor of the 
chromatograph compartment, then down to the Ilooi along 
the left edge of inverter 3. At the floor, it is tied 
to the same harness that shows the pi’csencc of an aic 
with the cover of J-Box C15-1A52. This power wiring to 
the J185 connector is also adjacent. to the gas chromato- 
graph harness at all locations from the. arced point to 
tne channel entry point. This harness and the gas chromato- 
graph harness were tied together but were not tied down 
in a flight condition; they were laid up against the gas 
chromatograph compartment. Both, harnesses were found on 
the f!oor after the accident. 


In addition to the shorted condition on the octopus 
cable between the J185 connector and MDAS recorder, the 
DC wires are also shorted at a point near the left end 
of the gas chromatograph compartment floor. The shorted 
condition at this location does have a bubbled copper 
appearance, similar to that noted on the gas cluomato- 
graph AC wires. 
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Preliminary examination of both sets of harnesses 
have been made in the Metallurgical Laboratory at KSC. 

The shorting oil the octopus cable was found to be super- 
ficial and the result of fire damage. The DC power 
harness to the J185 connector, because of the similax* 
appearance to the gas chromatograph wires, was also 
the result of fire damage; it is concluded that the 
harness was subjected to both a short and to external 
heating from the fire. 

g . Short_ed AC W ires Providing Power for Suit Compressor 2 

Wiring in the four conductor wire hai’ness to suit com- 
pressor 2 appeared shorted, with suspected evidence of. 
arc ing . 

AC power to each of two suit compressors is px’ovided 
by 24 gauge wires. Each phase for each suit compressor 
is protected by a 2 amp circuit bx*cakex*. The hax'noss for 
each compressor can provide either AC bus 1 or AC bus 2 
powoi', dependent on the switch position selected by the 
Pilot . 

The switch position following the accident shows 
that the suit compressor switch was in the compi’essor 1, 

AC bus 1 position. The circuit breakers for phases A 
and 13 for compressoi' 1 wore found open with heavy soot on 
the breaker stems. Telemeti'y data indicates that a 
compressor was operating until loss of data; therefore the 
circuit breakers opened after this time. 

Enclosure 18-4G illustx’ates the location of the 
wiring and suit compressors in the Environmental Control 
Unit on Spacecraft 012 after the accident. 

Suit compressor 2 was not to be operated during the 
test. A re-examination of the harness disclosed that 
the connectors for compressors 1 and 2 wci*c reversed 
from the expected interconnect. With the connectors 
being reversed, compressor 2 would then have power and 
the wires could short, and the compressor 1 circuit 
breakers would open when the shorting would occur. 

Enclosure 18-47 illustrates the harness fox* compx*essors 
1 and 2. The connector for compressor 1 was disconnected, 
and the wires were cut at the connector fox* compressor 2. 
Note the metal band with the number "2" lor the wires 
providing power for compressor l. 

A closer examination of the wires disclosed that 
the shorted appearance was the result of fire damage. 
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Command Pilot Suit Wiring Shor t od 


Shoi t ciicuil damage has been found in the Command 
Pilot's suit wiring. No shorts were noted, either in 
the Senior Pilot or Pilot suit wiring. 

Four shorted wires were found in the communications 
wiring between the suit connector and the helmet communi- 
cations connector. The wire insulation was discovered 
to be brittle, discolored and cracked. The wires were 
identified as microphone signal, microphone signal 
return, earphone signal and earphone return. Enclosures 
18.-48 and 18—19 illustrate the shorted condition of the 
wires. 


An intei mi t tent condition was also noted in vhe 
16.8 volt DC biorned power wire in the torso harness 
between the suit connector and the biorned connector. 

Ihis condition, is cons-idorcd to be not relevant to the 
cause ol the accident, in that no biorned power was bein ,v 
supplied to the Command Pilot's suit. ^ 

The vendors ol the torso harness materials have 
provided the following information: 

(1) The nylon sock around the ribbon cable melts 
at 480 degrees Fahrenheit. 

(2) The silicone, of which the ribbon is made, 
melts at 600 degrees Fahrenheit. 

(3) ^ The Mi lone- insulation around the- wires cracks 
at 430 degrees Fahrenheit and. melts at 480 degrees 
Fahrenheit. 

From the' above information, it is probable that 
the exterior of the ribbon cable around the area of the 
damaged wiring was subjected to localized and super- 
ficial heat. This would cause damage to the internal 
wiring insulation without damaging the silicone ribbon. 

i * Arc on Struc ture by Side of Switch Sll in Rack 
o f Panels * 

On removal of panel 8 from S/C 012 it was observed 
that there was an area of damaged conformal coating on 
wire terminal 2 of switch Sll. Continuity checks showed 
that a potential short existed from the wiring through 
tho damaged conlormal coaling to the substructure behind 
the panel. Supplemental examination ol the substructure 
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>,as made to determine the extent of any arcing from 
panel 8 switch Sll to the substructure. Minute arc 
pits were found in the substructure which indicate 
that low power arcing did occur, and could more properly 
be described as sparking. The lack of silicone dioxide 
deposits indicates that the temperature generated by 
the arcing was not high enough to cause significant 
deterioration of the silicone rubber conformal coating 
material. 


The panel and switch location and substructure 
appearance is illustrated in Enclosures 18-50 and 18-51. 
Switch Sll serves as an enable function for Service 
Module Quads A and C Roll. The wire terminal in the 
area of damaged conformal coating carried DC bus B 
power. An analysis of circuit conditions disclosed 
that this circuit was. not powered before or during the 
fire. It was determined that the switch was in. the "OFF" 
position before and after the fire. Continuity checks 
have been performed to confirm that the switch was 
wired properly. Refer to Enclosure 18—41 for a schematic 
description of switch wiring. 

Examination oi the wire terminal and pit on the 
bracket are inconclusive as to existence of an arc and 
indicate that the observed damage most likely occurred 
from a mechanical abrasion while the panel was being 
installed. From the appearance of the area surrounding 
the pit on the bracket, and the contact area on the wire 
terminal , it is deduced that any possible sparking 
generated by the short circuit current was confined under 
the conformal coating. 

From the above it is concluded that, while an arc 
or short circuit current may have occurred in the contact 
area of Sll wire terminal and bracket V16-335126-85, 
this circuit was not energized during this test, and 
this condition must have resulted fi*ont a prior test. 
Further the evidence indicates that the potential current 
level through any such fault would have been so low 
that it would not have caused any significant disturbance 
on the power bus. 
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10, Technical Summary 

For the last few minutes of the test all recorded test 
data indicated that all systems were operating satisfactorily 
with no indication of any malfunctions, with one expection - 
the communication system. Communications were poor between 
the ground and the Spacecraft and a live microphone condition 
was present in the Command Pilot voice loop. 

The cause of the live microphone has been atributed to 
picking up a ground somewhere in the Command Pilot Push-to- 
Talk circuit in the Spacecraft. The specific source of the 
ground has not been established. This malfunction, electrical 
in nature, is not considered to be a fire, initiation source. 

The overall inputs and outputs of Spacecraft systems 
were measured and recorded. There is no reason to believe 
that possible malfunction or abnormality would have been 
indicated had more detailed measurements been obtained from 
each system. 

For approximately the last thirty seconds prior to the 
crew report of fire many measurements reflect crew motion in 
the Spacecraft. There is no way in which crew activity can 
be derived, from these measurements. 

An electrical power system abnormality was indicated at 
approximately ten seconds prior to the crew report of fire. 
This electrical abnormality occurred in the AC bus 2 power 
portion of the. system. All AC. bus 2 voltage measurements 
were affected. The data from equipment powered by AC bus 2 
shows that they were also affected. The composite of these 
data and special tests conducted after the accident point to 
the conclusion that the AC bus 2 problem was caused by a 
momentary loss of inverter 2 output. 

The momentary loss of inverter 2 output should not be 
implied to constitute an inverter failure. The inverter was 
returned to the supplier for teardown and analysis to posi- 
tively establish whether it could or could not have malfunc- 
tioned in a manner reflected by the data. This has been 
completed and it has been concluded that the inverter did 
not cause the AC bus 2 dropout, and that it was not the cause 
of the fire. 

It is believed that the momentary loss of output to 
inverter 2 was caused by an interruption in the DC power 
being supplied to inverter 2. This DC power was being 
supplied from DC main bus B. The most likely cause of an 
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interruption in DC. bus B power is a momentary short in a 
conductor carrying this power or by a malfunction of equip- 
ment being supplied from this power source. 

The most likely phenomena that would produce such a 
momentary short is an inadvertant electric arc either within 
electrical equipment or between a power conductor and the 
Command Module structure. Such an arc is nominally the re- 
-•"ult of electrical insulation failure.. 

No data recorded during the interval of the electrical 
abnormality snows any variance that .could be interpreted as 
a momentary short in DC bus. B power, or DC bus A power. Tests 
show that a drop in DC voltage to a level below 19 volts f.or 
as short a time as two milliseconds is sufficient to affect 
the inverter and the AC bus. Because all telemetry date is 
sampled at discrete intervals, a short of two milliseconds 
duration probably would not appear in the data. 

All equipment and wiring has been examined for any and 
all evidence of arcs, shorts and suspicious appearance, to 
help explain the electrical abnormality. All items of equip- 
ment, except for specific wiring, have been placed into an 
improbable ignition source category. 

Ten cases of arced, shorted and/or suspicious looking 
wiring have been identified. Tests and analyses are being 
conducted on a number of these at this time. From this 
listing, however, only one is considered suspect as being the 
cause of the electrical abnormality. It can also be the 
trigger or source of ignition that caused the accident. 

The one suspect is wiring providing instrumentation 
power for some Environmental Control System instrumentation. 
This wiring contains both DC bus A and DC bus B power, and 
is located on the Command Pilot side of the Command Module 
in the vicinity of the Environmental Control Unit and the 
Lithium Hydroxide Units. 

A momentary short could occur in any of four DC bus B 
or four DC bus A power wires in this wiring. A short would 
not affect the equipment being powered by these wires, and 
would not be reflected in any of seven measurement outputs 
of transducers being provided power because of redundant 
power with diode isolation for each equipment. 

Tests have shown that a short in any of the four DC 
bus B wires could cause a drop in DC bus B voltage to a level 
low enough to cause an interruption to inverter 2. A test 
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has been conducted at Launch Complex 34, with an inverter, 
to simulate this shorting. 

Debris netting traversing the floor on the left side of 
the C/M was within inches of the wire harnesses. If ignited, 
the netting would burn along the floor toward a vertical 
flammable material. The vertical material on the left was 
tin* polyurethane foam on the Environmental Control Unit evap- • 
orator, approximately 7 inches away from the wires. The 
vertical material on the right, was the debris netting in 
the corner of the S/C by the water panel, approximately 13 
inches away from the wires. The average burning rate of 
debris netting in a 14.5 psi oxygen environment in a hori- 
zontal direction has been determined to be 2 inches per second. 

Assuming that this burning rate is valid, it can be 
postulated that the polyurethane foam on the evaporator would 
ignite at about 4 seconds and the vertical debris netting in 
the corner at about 8 seconds after the initial netting 
ignition. The front cover of the ECU was not installed and 
the netting on the floor' was a couple of inches away from 
the polyurethane foam on the evaporator. Because of this, it 
is inferred that the vertical netting in the corner would be 
the first instance of vertical burning. Vertical burning 
would occur at about 23:31:03 GMT. Allowing one second for 
the flames to reach the couch level, the first voice trans- 
mission of trouble from the command Pilot at 23:31:04.7 GMT 
occurs at the proper time. Un.fortuna.tely, there is no physi- 
cal evidence to support a conclusive, determination . This 
wiring was located in the area where burning was at the highest 
intensity. Sections of these wires, six to twelve inches 
long, in the suspect location have been completely burned 
away . 

D. FINDINGS AND DETERMINATIONS 


1. Findings: 


Several arcing indications were observed in the Command 
Module -Y +Z sector and a voltage transient was noted in all 
three phases of AC bus 2. This transient was most closely 
simulated by a power interruption or short circuit on DC bus 
B. 


Physical evidence and witness statements indicated the 
progress of the fire to be from the left side of the Space- 
era f t . 
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Simulations and tests indicate that combustion initiation 
due to electrostatic discharge or chemical . action is not 
probable . 

No physical evidence of pre-fire overheating of mechani- 
cal components or heating devices was foxind. 

Determinations : 

No single ignition source could be conclusively identi- 
fied. 

The most probable initiator is considered to be electri- 
cal arcing. or shorting in the sector between the -Y and +Z 
Spacecraft axis. 

The location best fitting the total available information 
is that where ECS instrumentation power wiring runs into the 
area between the ECU and the oxygen panel. 

2 . Finding: 


All Spacecraft records have been reviewed by the various 
Panels and the results were screened by Panel 18. 

Determination : 

No evidence has been found, to correlate pi'eviously 
known discrepancies, malfunctions, qualification failures or 
open work items with the source of ignition. 

3 . Finding : 

At the time of the observed fii'e, data including 
telemetry and voice communications indicate no malfunctioning 
Spacecraft systems (other than the live microphone). 

Determination : 

Existing Spacecraft instrumentation was insufficient 
by itself to provide data which would identify the source of 
ignition. 
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SUPPORT ING DATA 


List of Enclosures 

Enclosure Description 


18-1 

18-2 

18-3 

18-4 

18-5 

18-6 


Sample of Disassembly and Post -Disassembly 
Requirements Form 

Sample of Test Preparation Sheet 

Sample of Board Action Summary Page 

Listing of Open Circuit Breakers 

VHF/AM and S-Band Voice Recordings 

Transcript of Voice Channel for Last 27 Sec- 
onds 


18-7 

18-8 

18-9 

18-10 

18-11 

18-12 

18-13 

18-14 

18-15 

18-16 

18-17 

18-18 


Gas Chromatograph Trace 
AC Bus 2 Data and Associated Changes 
Oxygen Elow Rate and Associated Data 
Oxygen Flow Rate Correlation 
Not used 

ECS Data Correlation 

Surge Tank Pressure Profile 

Motion Indications 

Navigation Base Installation 

Spacecraft and IMU Stable Member Axes 

Navigation Base Installation Detail 

Navigation Base Pitch Angle Change Versus 
Cabin Pressure 
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Enclosure 

18-19 


18-20 

18-21 

18-22 

18-23 

18-24 

18-25 

18-26 

18-27 

18-28 

18-29 

18-30 

18-31 

18-32 

18-33 

18-34 

18-35 


Description 


Selected Temperature, Pressure, and Inertial 
System Measurements Versus Time 

Suit O 2 Flow Rates . 

* 

Gas Chromatograph Trace Comparison 
Electrical Power System 
AC Bus 2 Special Tests 
Audio Key Lines 

Environmental Control System Instrumentation 
Harnesses Before Accident 

Environmental Control System. Instrumentation 
Harness Wiring Identification 

Spacecraft 014 Environmental Control System 
Instrumentation Harnesses. 

Environmental Control System Instrumentation 
Harnesses After Accident 

Cover of J-^Box C15-1A52 

Arced Point on Wire and Cover of JVBox 
C15-1A52 

Arc Point on Cover of J-Box C15-1A52 

Arc Point on Wire Related to Cover of J-Box 
C15-1A52 

Undisturbed Location of Gas Chromatograph 
Connector 

Area Under Gas Chromatograph Connector 

Side of Gas Chromatograph Connector Which 
Protected Spot Ties on Harness on Floor 
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Description 

Copper Droplets on Gas Chromatograph Wires 

Copper Flow and Nickel Pipe Effect on Gas 
Chromatograph AC Wires 

Shorted DC Wires Above Entry Batteries 

Detail of Shorted Wires Above Batteries 

Location of Cabin Fans 

Main Display Console Panel Number 8 Switch 
S-ll Wiring 

Location of Octopus Cable J185 Connector 

Detail of J185 Connector 

Shorting on Octopus Cable 

Power* Harness to J185 Connector 

Suit Compressor Wiring After Accident 

Not Used 

Command Pilot's Suit Wiring 

Detail of Command Pilot's Communication 
Harness 

Location of Switch Sll on Panel 8 

Short to Structure by Terminal of Switch Sll 

Complete "Status of Investigation Items" 
dated April 1, 1967 

"Integration Analysis Summary" for each 
investigation item as available on April 1, 1967 

"Review of Spacecraft Power Status", dated 
February 6, 1967, prepared by Panel 18 
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Enclosure 


Description 


18 -54b 

18-55 

18-56 


’’Supplement to Review of Spacecraft Power 
Status”, dated February 23, 1967, prepared 
by Panel 1. 

Complete set of "Potential Initiation Theories 
Evaluation Sheets”, dated March 28, 1967. 

Brief Summary of Significant Special Test 
Results 
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BOARD ACTION SUMMARY 
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ENCLOSURE 18-3: SAMPLE OF BOARD ACTION 





























LIST OF OPEN CIRCTIT UKFAKKRS 


PANEL 22 RIGHT-HAND CIRCUIT BREAKER PANEL 


No. 

I dent if i cat ion 

Hating 

Condition 

CB18 

Master Event Seq. Controller Arm B 

5 Amp 

HS 

CB15 

DC. Sensor Signal Main A 

5- Amp 

HS. 

CBM 7 

Scientific Equipment Bay 1 (.1185) 

20 Amp 

HS 

CBi 18 

Scientific Equipment Bay 2 (above 
bat t cries) 

20 Amp 

HS 

CB77 

Battery Chargor Batt B 

10 Amp 

BS 

CBI 16 

Gas Chroma t ograph ACl 

2 Amp 

HS 

CB45 

Telecommunications Group 5 

7 . 6 Amp 

HS 

CB94 

KCS 1^0 Accumulator Main A 

5 Amp 

NS 

CR76 

Cabin Air Fan l ACl Phase A 

2 Amp 

VLS 

CB7J 

Cabin Air Fan 1 ACl Phase C 

2 Amp 

S 

CB33 

ECS Suit Compressor ACl Phase A 

2 Amp 

HS 

CB32 

KCS Suit Compressor ACl Phase B 

2 Amp 

HS 

CB92 

KCS Waste and Potable H.,0 Main A 

5 Amp 

HS 

CB9 1 

KCS Waste and Potable H.,0 Main B 

5 Amp 

S 

CB43 

KCS Transducer pressure group 2 Main A 

5 Amp 

B 

CB34 

KCS Transducer pressure group 2 Main B 

5 Amp 

VLS 

CBI t 

ECS Temperature Main A 

5 Amp 

MS 

CBIO 

KCS Temperature Main B 

5 Amp 

LS 
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PANEL 21 RIGHT-HAND SIDE CONSOLE BUS SWITCHING PAN KL 


CHS 

Sensor Uni ! AC Bus 2 

5 Amp 

NS 

PANEL 

25 LEFT-HAND CIRCUIT BREAKER PANEL 



CB33 

SCS B and D Roll Main B 

20 Amp 

VLS 

CB39 

. SCS Pitch Main B 

20 Amp 

NS 

CB3L 

SCS Yaw Main B 

20 Amp 

MS 

CB2G 

G i mb a 1 Motor Control 1 Pit c li B a 1 1. o r y. A 

15 Amp 

HS 


Gimbal Motor Control 1 Yaw Battery A 

15 Amp 

HS 

CB IB 

RCS Propellant Isolate Main A 

15 Amp 

LS 

CB 15 

RCS Propellant Isolate Main B 

15 Amp 

MS 

CB52 

EDS 1 Battery A 

5 Amp 

MS 

CB53 

EDS 3 Battery B 

5 Amp 

MS 

PANEL 

203 



CB3 

Invertor Power No. 2 Main B 

70 Amp 

NS 

PANKL 

150 



CBU 

Pyro A Seq. A 

20 Amp 

NS 

CB 17 

Pyro B Seq . B 

20 Amp 

S 

CB20 

Battery Charger Battery C 

5 Amp 

NS 

PANKL. 

204 INSTRUMENTATION POWER CONTROL 



CB3 

Essential Instrument at ton 

7 Amp 



\ 
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Pond i 1 1. jn 


B - BUKNKP 

3 - sooty 
NS - NO SOOT 
MS - MEPIIJM SOOT 
HS - HEAVY SOOT 
LS - LfOHT SOOT 
BS - BURITRP SOOT 
VLS- VERY LIGHT SOOT 
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TRANSCRIPT OF VOICE CHANNEL FOR LAST 27 SECONDS 
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OXYGEN FLOW RATE AND ASSOCIATED DATA 
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OXYGEN FLOW RATE CORRELATION 
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NOTE: Average flows computed from surge tank pressure data. # Voice tape indicates crew activity. ••Command Pilot face plate open. 
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SURGE TANK PRESSURE PROFILE 
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MOTION INDICATIONS 
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OPf n GAS Chromatograph 
monitor 
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SELECTED TEMPERATURE, PRESSURE, AND INERTIAL SYSTEM 
MEASUREMENTS VERSUS TIME 
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FLOW RATES 
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MAIN DISPLAY CONSOLE P * NEL NUMBER 



Enclosure 18-41: Main Display Console Panel Numbe 
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STATUS OF INVESTIGATION ITEMS 
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This loss oi data is attributed to soft short circuits 
233 3:17. 398 to occurring in the communications system wiring. 

2331:17.659 
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2330:54.847 This happened at the same time as the AC Bus 2 

transient. A Ire-analysis disclosed this was a one 
bit change in the data which occurred frequently. 

No significance is therefore attributed to this item 
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mittent condition could exist somewhere within this 
system to cause this anomaly. Based on the time of this 
happening, it has been concluded that this is unrelated 
to the accident. 
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have been in the OFF position immediately prior to the 
incident (T-10 min.) per OCP. Post test switch list 
shows the selector switch in the OFF position. Exam- 
ination of {he blower motor showed no evidence ol any 
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approximately 10 seconds after tl 
been concluded that the canister 
and not a cause of the accident. 
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was wire insulation damage because oi me very ugni 
envelope allotted to this panel. Tests have shown 
that electrical continuity was present alter the lire 
and that no damage of any significance has beer, in- 
curred by the switches, panel wiring or connectors. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO ?0< REVIEW BOARD 


.N R [ t' i T R( M q 


harch • I . ) 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Commun I cat ions Subsystc 


I tern »\\ 

TPS n7a 


Obse rvat ion : Between to '<< ■: ■ . ■ GMT noise 

sounds were iccoivei on S-band 

Discussion and 

Ana lysis : The noise sounds were analyzed by Bell Labs and 

M$C. The results are not conclusive as to what 
cause-d the sounds. The sounds were similar to 
those of tapping and brushing a microphone. 

During the time period the microphone wds"live,‘‘ 
noises of this nature occas ional 1 y were received, 
however, the frequency of the noises during the 
period of '**: < : to GMT was much 

higher. A relaxed breathing cadence was super- 
imposed on the sounds. The sounds were recorded 
on both the S-band and VHF voice tracks, although 
the crew was on S-band. This is as expected, due 
to the ground communication system which retrans- 
mits the S-band through a VOX controller circuit 
over a VHF transmitter. These transmissions are 
received by the VHF receiver on the ground and are 
recorded. The ground receiver does not differentiate 
between transmissions from the spacecraft VHF 
transmitter and the ground VHF transmitter. The 
proof that the noises were generated through the 
S-band is the fact that the noise sounds appear on 
the S-band track first and, with a short delay, 
then appear on the VHF track. The delay is the 
time required for the retransmissions through the 
VOX controller circuit Further, some of the 
sounds were not of sufficient level to trigger the 
VOX and, therefore, were not recorded on the VHF 
voice track 
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NATIONAL AERONAUTIC} AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


inRFPiV Rfiffl <0 


March ?l . I *• { 


System Affected: 


INTEGRATION ANALYSIS SUMMARY 

Guidance and Navigation Subsystem Ite m #3 

TPS N/A 


Observat i on : 


Gimbal angle data indicates movement just 
prior to fire call 


Discussion and 
Anal ys i s : 


Analysis of telemetered data from past 
testing of S/C 012 has shown the following 
signals are indicators of torque or angular 
d i s turburances of the G&N Navigation Base 
with respect to an inertially stabilized 
I MU: 


l. Gimbal Torque Motor Input 

?. Gimbal Angle Resolvers 

3 . AGC Registers Recording Gimbal Angles. 

The recordings of the ten ( 10) sample per 
second gimbal torquer input from S/C- '12 
OCR's J034A, ;>K)b and v>021 were 

reviewed by personnel from NASA G&N - ACED- 
MIT in an attempt to correlate individual 
crew member movement within the S/C to 
disturbances noted on the gimbal torquer 
inputs- 

The analysis- indicated that definite 
j nd t v i dua 1 crew movement could not be 
determined. 

The gimbal torquer input indicated S/C 
disturbance but cannot distinguish between 
left, right or center crewman caused motion, 
and/or disturbances caused by forces external 
to the spacecraft. 

The AGC CDU registers are telemetered once 
every two seconds and can only be used to 
indicate the angular relationship which 
existed at the sample time. Changes which 
take place faster then the sampling rate 
will not be i nd icated. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO ?04 REVIEW BOARD 



• H Ml S’, v Mf i t M I %' 

March t , ! '■ i‘ 


INTEGRATION ANALYSIS SUMMARY 

System At fee tod : E he tried I Power Subsystem Item ft 1 * - 

' TPS N/A 

ObsL v it Ion : Increase on Ground Power Supply B at 

GMT 

Piscussion and 

Analys is : The four bit increase ( *■ amps'' was observed 

on the ACE Control Room r ?a I time recorder 
and also on a playback from track ‘>. The 
Interim output is recorded also on track *. 

Track ' did not show tfw *• bit increase. 

Analysis of the interleaver wave train out* 
put at this period of time indicate that 
the magnitude ot the wave train (track 
output did decrease slightly at this time 
although the bit stream was readable and 
the bit increase on power supply B was 
there. 

During this period ot time, there was VHP/ 

AM transmitter keying which draws I. 1 amps, 
with no modulation and an additional *i 
amp with modulation. The VHF/AM transmitter 
is powered from the Post Landing Bus which 
is powered from both Main A and B buses in 
the CM thru isolating diodes. There was no 
other activity going on in the S/C at this* 
time that could be detected from the data 
Although the data is quest ionablc, there 
are several factors that could have caused 
this indication 

( I) The power supplies A B could 
have momentarily shifted their shared 
load (Post Landing Bus Load) due to 
the power supply regulation character- 
istics. This could have occurred 
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Item !i'- (Cont'cO 


without being detected in the data 
since PSA current is sampled 
milliseconds prior to Powe r-$uppl / 

B current. This phenomenon had been 
seen for longer periods ot time where 
one power supply current would show 
a few bits increase and the other 
dec roas o. 

( ' ^ Another load coul 1 have been 
placed on at this time hut since the 
data shows no other parameter activity 
during this period, there is noway 
this can be verified. 

With the analysis that has been made and 
considering the time { 'v'* * M - *' GMT^ of 
this happening,, it is concluded that this 
event could not have contributed to the 
cause of the fire. 
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NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION 

APOLLO ?04 REVIEW BOARD 


March I 


INTEGRATION AN ALYSIS SUMMARY 


System AffecteV 


Env I ronmen t a I Control Subsystem 


I l em 
TPS N/A 


Observation: Gas Chromatograph output started to change 

f r om ' < V: 1 GMT until loss of Jot a 


Discussion and 
Ana lys i s : 


It has boon determined that the gas chromato- 
graph (GC' cable acted as an r loot romagnot ic 
radiation detector I Ref • Item No 'V 

The gas c hr omatogr aph (GC^ was not installed 
in Spaced at t 1 at the time of the accident. 
The GC conned of was placed on the shell of 
the gas vhiomatograph comportment The con- 
nector was not bagged, and AC bus I phase A 
power was applied to the connector throuqh 
a closed circuit breaker Twenty- two gauge 
w i re was used , pi ot ee t ed by amp c i i cu i t 
breaker The circuit breaker for the GC 
wa» found to be open following the accident, 
with a heavily sooted condition which is 
indicative ot opening during the early portion 
ot the tire The harness was not tied devm 
in a I I i qht vont igu*at ion because the GC was 
not i ns t a I I ed 

Two physical p ,ilia*ities were noted concern- 
ing the GC wiring an t the connect Ot After 
the Ov c i rent the harness and connector were 
tout-* on the floor with the GC connector 
laying on a big harness Two spot ties of 
this harness hi* r t' f I'un d unb 1 a^ ke nc fas a 
result of ht ,og prates ted by the GC connect or 


ENCLOSURE 18 *3 
p 1* 171 




ENCLOSURE 18-53 
D- 18=172 


NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION 
APOLLO ?04 REVIEW BOARD - 


February I ', 


INTEGRATION ANALYSIS SUMMARY 


Sys t em Affected : 


Communications Subsystem 


Observat ion : 


VHF-FM video drops out for s 
milliseconds at GMT 


Discussion and 
Ana ly$ is : 


Tests completed at Collins Radio Company on 
a similar VHF-FM transmitter (reference 
Collins Radio Company report Jated T) 

show that the received video signal during 
the noted time can be matched very closely 
by a momentary dropout of the AC supply 
(all three phases) to less than SO volts 
or a dropout of DC supply to less than ■ • S 
volts for a period of l r < to .*=' milliseconds. 
Comparison with Investigation Items ? and 
leads to the conclusion that this was an 
effect of an AC bus ' power interruption. 
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Observation : The instrumentation system detected a transient on 

all three phases ... of AC bus ? at ^3:30: 54. 85 GMT 


An AC bus 2 voltage transient was observed approximately 
nine seconds before the crew report of fire. There are 
three reasons this condition could have existed: 

(a) Momentary short or interruption of DC bus B 
input power to inverter number 2 . 

(b) Momentary short on one or more phases of 
inverter number 2 output. 

(c) Removal of a major portion of the load from 
inverter number 2. 

Special tests were conducted on spacecraft 008 at 
MSC to show the time relationship between the over* 
voltage indication and associated changes of other 
equipment outputs from the spacecraft. 

Voltage regulation tests were run on the ground power 
Supply at Launch Complex 3^ under similar load- 
conditions (30 amps) to that existing on DC bus B 
in spacecraft '12 at the time of the accident. 

These tests indicated that a short circuit in the 
range of 5 to 25 milliseconds drawing approximately 
75 amps caused an immediate drop in bus .voltage of 
13 to 15 volts, recovering to about 3 .'" volts below 
steady state conditions after one to 1.5 milliseconds. 
The voltage remained constant until the short cleared 
at which time it over shot steady state conditions by 
about 10 volts recovering to steady state by 1. to 1.5 
mi 1 1 1 seconds. 
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Item *7 (Cont'd'l 


It is concluded that the probable cause of 
the AC bus ' transient and associated indica- 
tions was a momentary short ( ' to milliseconds 
of DC bus B affecting the input voltage to 









NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION 

APOLLO ?Q4 REVIEW BOARD 


February 1 , ]*i. { 


INTEGRATION ANALYSIS SUMMARY 


System Affected : 


Observat i on: 


Discuss ion and 
~Ana iys jj> : 


Commun i cat ions Subsystem 


C*ban j transponler drops to zero volts 
for approx imate iy two secon s from 

• ’? r «4. 8 r to ’ \ GMT . 


I tem 
TPS N/A 


Tests by Collins Radio Company (reference 
TWX dated 1-3'- f) indicate that the trans- 
ponder output characteristics can be matched 
by a drop in * phase AC voltage or phases A, 
and B, or B and C. One phase loss would not 
cause the effect. 


Dropout for very short intervals causes the 
C-band transponder to go to a protective 
mode to prevent magnetron damage. Normal 
recovery time for the C-band transponder is 
approximately 1. ,* seconds. 

Comparison with I nves t igat i on I terns and 7 
leads to the conclusion that this was an effect 
of an AC bus "> power i nterrupt i on. 
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original page i® 
OF POOR QUALITY. 


national aeronautics and space administration 

APOLLO ?04 RSVI6W BOARD 


in *0 


March * , !?• f 


INTEGRATION ANALYSIS SUMMARY 


System Affected : 


Observat i on : 


Discussion and 
Anal ys i s : 


Environmental Control Subsystem 


l tern 
TPS N/A 


Oxygen Flow- Rate increased to off-scale 
high at '*3 GMT 

Telemetered data indicate that the high 
oxygen flow rate conditions for the last 
30 seconds (^330: 30- *0 before the fire 
call can be attributed to the apparent 
high level of prime crew suit leakage at 
low su it-to-cabin differential pressure, 
magnified by apparent crew activity. 

There has been considerable speculation 
as to whether the high flow could be 
indicative of a sensor and/or associated 
wiring di f f i cuJ ty. 

The oxygen flow sensor circuit, includes two 
separate outputs. The signal circuit going 
to the Pulse Code Modulation Telemetry System 
(PCM) is conducted to the PCM system through 
a twisted shielded pair of wires. A short, 
circuit between the signal lead and either 
the return wire or the shield braid would 
cause a zero output (no flow) reading on the 
oxygen flow indication. It is highly 
improbable that any short circuit between 
the signal lead could occur without a prior 
short circuiting to the ground lead or 
shield lead. 
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Item #0 ( Cont * d) 


The second output from the oxygen flow 
sensor circuit goes to a time delay , 
relay to indicate high flow alarm. It 
is on the ground circuit return side of 
the relay. A ground circuit completion 
is. required to indicate high oxygen flow. 
This is supplied from a separate circuit 
from that going to PCM, and a ground on 
this line could not affect the PCM flow 
rate indication. 

Single failures could exist within the 
bridge circuitry controlling the flow 
sensor which would indicate high flow 
rates on both the PCM output and the 
signal to the relay. These, however, 
will require examination of the oxygen 
flow sensor box to confirm or deny this 
possibility. A preliminary examination 
disclosed shorts to ground in the flow 
sensor; shorts to ground will produce 
a zero or no flow output indication. 

The flow sensor box is being torn 
down at the present time. It should 
also be noted that the location of 
the oxygen flow sensor was a high 
fire damage area, and that the sensor 
would be expected to be damaged by 
the f i re. 

Based on the above, it is concluded 
that the high oxygen flow data indication 
was valid, and that there was no mal- 
function of the sensor and/or associated 
wiring prior to the fire call. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


IN Rf p| T RE'f R * O 


System Affected : 

Obse rvat i on : 

Discussion and 
Ana lys is : 


April 1 , 


INTEGRATION ANALYSIS SUMMARY 


Environmental Control System 


Data indicate initial .cabin temperature 
increase at 2331: GMT 


The initial cabin temperature increase 
(measurement CF0002T) was observed at 
?331:*> > GMT. 

This measurement is sampled one time per 
second on PCM. 

Preliminary data determined that the 
cabin temperature transducer response 
time is approximately 5 seconds to 
* 1 3- 3 percent of full scale for a step 
increase; however, initial response 
time was unknown. 

Tests conducted at AiResearch determined 
that the cabin temperature sensor would 
show an initial response of .25 F within 
200 to 300 milliseconds when subjected 
to air at 13?°F. In addition, the sensor 
output .increased to ‘-3-3 percent of full 
scale- ( 12 t S°F) in four seconds when 
subjected to an air temperature of 130°F. 

It is, therefore, determined that the 
time of cabin temperature increase start 
is accurate to within « 1 second. 
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1 tern #12 
TPS N/A 



NATIONAL AERONAUTIC* AND SPACE ADMINISTRATION 


APOLLO 204 REVIEW BOARP 


February l J », 1 9 f *7 


INTEGRATION ANALYSIS SUMMARY 


Svstem Affected: Env i ronmenta I- Cont ro 1 Subsystem It 

— 1 TP 

Observation: Cabin pressure increase began at. 2331 : 06. 818 

~’“ r GMT (battery pressure transducer) 


Discussion and 
Analysis : 


This measurement, CC0188P, was not installed 
in its final configuration since the flight 
batteries were not installed. The transducer 
lay on the floor of the cabin and, therefore, 
sensed cabin pressure instead of battery com- 
partment manifold pressure. 

The transducer has a 0 to 20 psia range and a 
response time of 1 millisecond. No additional 
filtering occurs on its PCM input circuit. 

The measurement is sampled ten times a second 
on PCM. 

It is, therefore, determine' that the time of 
cabin pressure increase start is accurate to 
within ±100 milliseconds. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


February 1H , !■*• 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Environmental Control Subsystem 


Observat ion : Cabin pressure increase began at 033 ' : 08. h 1 J 

GMT (measurement CF^OIP) 


Discussion and 
Ana lysis : 


The transducer has a 0 to I? ps i a range and 
a response time of IOO milliseconds. The 
measurement is sampled once a second on PCM. 

Because of the low sampling rate and limited 
range of this measurement, the most accurate 
time and value of cabin pressure increase 
should be from measurement CC0188P ( Item #13)* 
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S HI P. » RF t ( « 10 


Qbservat ion: 


Disc u ssion and 
Ana lysis : 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


February I , 1*7 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Guidance Navigation Subsystem 


I tern ff I 
TPS N/A 


The inertial gui iance gimbal angles measure- 
ments showed a change starting at approximately 
\>3I : K GMT to a maximum value between .7^1:1^ 
and |o GMT. 


It has been determined that the change in gimbal 
angles data is attributed to the increase in 
command module pressure. Following .? 33 l:lo GMT, 
the gimbal angles data started to return to their 
original levels. This change in the data traces 
is determined to be the relief of the pressure 
or rupture of the pressure vessel. This deter- 
mination has buen substantiated by data obtained 
during the vacuum chamber test. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 20* REVIEW ftOARD 


February I \ I' 


INTEGRATION ANALVSl v SUMMARY 


System Affect e a : 


EUvtii.al Piwe< Suhsyst* 


Observat i on • 


En t . y bat t e i y B powe r 1 1 *Hb I e r i o I to ma i n 
bus B and s imu I taneous 1y entry battery C 
power t r ans t er i ed to main bus A at ‘ 

GMT 


Discuss ion and 
Ana 1 ys i s : 


Two q round measurement s and sis PCM 'Measure* 
nu'n t s show that the above occurred. These 
.lata are tui thei subs t ant i ateJ by the position 
of switch SI on panel ' \ The switch 
pL»s i t ion is indicative of pilot action to 
pkue the batteries on the buses. This action 
tsKsk p I a. o appi os i mate I y eiqht secants after 
f he tire call. 


It is conjectured that pilot action may have 
resulted f r<im smoke obscurinq the f loodl ight* . 
qivinq the impression of loss of groun 1 power . 
or the desire to keep power on the suit ciVi** 
p rt »ssors in the event of Kiss of ground powe » 
be* ause of the t i i e 


enclosure 18 51 

P 18 183 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


February 10, 19* { 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Electrical Power Subsystem Item #17 

TPS N/A 

Observat ion : Entry battery A power transferred to main bus 

A and simultaneously entry battery C power 
transferred to main bus B at 23^1: iR.e GMT 

Discussion and 

Ana lysis : Four PCM measurements show that the above 

occurred. These data are further substantiated 
by the position of switch $9 on panel 22. The 
switch position is indicative of pilot action 
to place the batteries on the buses. This action 
took place approximately nine seconds after the 
fire call. 

It is conjectured that pilot action may have 
resulted f rom smoke obscuring the floodlights, 
giving the impression of loss of ground power 
Or the desire to keep pc**er on the suit com- 
pressors in the event of loss of ground power 
because of the fire. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204. REVIEW BOARD 


INR(Pl1 TO 

February 10, I9 e -T 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Environmental Control Subsystem 

Observat ton : The master caution warning light came 

on at 2331: 1^.7 GMT 


r t<*m £18 
TPS N/A 


Discussion and 
Analysis : 


This light was the result of a high oxygen (0^) 
flow indication. The oxygen flow rate measure- 
ment increased to the upper band limit of I. Ob lbs./ 
hr. or five volts at 233 0:59^ GMT. Whenever the 
0 2 flow rate i ns t rumentat ion voltage reaches 5-3 
volts or greater and stays at this voltage level 
continuously for 1 0 seconds, the master alarm will 
come on. A time delay was added to inhibit the 
alarm because of periodic action of the cyclic 
accumulator every 10 minutes for a 10-second 
interval . 
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national aeronautics and space administration 

APOLLO 204 REVIEW BOARD 



IN *F V < ( H IO 


February )li t |o. y 


INTEGRATION ANALYSJ S SUMMARY 


System Affected : 


Observat ion: 


Discussion an d 
Ana 1 vs i s : 


Envi ronmentai Control Subsystem 


Suit Supply Manifold Temperature began to 
increase at .'331 : 1- • ' GMT 


I tem H ]‘i 

W 

TP$ N/7T 


Suit Compressor Inlet Temperature began to 
increase at I: \<.r GMT 

CO • Absorber Outlet Temperature began to 
increase at .'3 \ 1 : !• . o GMT 


The configuration of the pressure suit circuit was 
such that the crew would be isolated from the cabin 
at the time fo the fire. Post-test observations of 
the end of the Command Pilot 's pressure suit umbilical 
hose segments indicate that the hose returning from 
the suit to the ECS was "very sooty" and dark. The 
corresponding hose segment for the Pilot's hose was 
white and clean. This information would indicate 
that the loss of pressure suit integrity occurred in 
the Command Pilot's pressure suit and/or return hose. 
Such an opening would alia* warm cabin gas to be 
drawn into the suit compressor. The suit compressor 
inlet temperature (CFOIVJT, range SO to I^AF) began 
increase from ,V°F at GMT. The CO 2 absorber 

outlet temperature (CFOlNif, range 00 to 000°F) 
indicates that the CO > absorber appears to have acted 
as a heat sink until ‘M3l:l’-.0 GMT at which t im* 
this temperature and suit supply manifold temperature 
( CF 11 ' T , range TO to 0S°F) began to increase. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


i s MfPuV R£ t £« >0 


April I , Wo 7 


INTEGRATION .ANALYSIS SUMMARY 


System Affected: Common i cat ions Subsystem 


1 tem #20 

TPS N/A 


Observa t i on : 


D i scuss ion and 
Ana lys i s : 


A momentary interruption was observed in 
VHF-FM and S-Bank data between 2331:17*398 
and 2331: 17- *'50 GMT 


The momentary interruption in VHF-FM and S-Band 
between 2331:17*398 and 2331: 17* 6 59 GMT is 
attributed to a soft short circuit occuring in 
the communication wiring. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOAR0 


< N Hf Pi v Rf t f fi to 


March 1^, 1 9^7 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Crew Biomedical Equipment 


Observat ion ; 

Discussion and 
Analys Is: 


Inspection report of Biomed Recorder 


The Medical Data Acquisition System ( MDAS) was 
removed from the spacecraft and physically In- 
spected. MDAS was found to be in exceptionally 
good condition with only minor smoke damage. 

The data tape was reduced and valid data ob- 
tained except for several noise glitches which 
appeared on the biomed data channels. These 
glitches occurred randomly. The first one at 
182^:02 GMT and the last one at 2324:00 GMT. 

These glitches or noise spikes are believed to 
be caused by RFI which has been duplicated by 
post test bench checks. 

From the MDAS data playbacks, time code ampli- 
tude variations were noticed. Representatives 
from the MDAS tape recorder and tape vendors 
stated that these variations may be caused by 
handling (fingerprints, etc.) and by dust. 

The MDAS time trace was also inspected for indi- 
cations of a DC dropout. No dropouts were found. 
From the time the MDAS was turned on and the 
timer reset (173^:02 GMT) until LOS of the timer 
(2331:21.2 GMT), the timer operated normally with 
no loss or change In timing. Special tests were 
conducted to determine the effect on tne timer 
from a main DC bus voltage transient. Voltage 
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Item #21 (coin'd) 


2 


transients from 24 volts to 8 volts and 5 volts 
for 1 . 5 ftis to o. 8 ms shoved no effects on the 
timing. The only transient that effected the 
timing was a voltage drop from 28 volts to zero 
for a duration of 10 ms to 25 ms. 

Based on the PCM and the MDAS data, there are 
no indications that the MDAS contributed to the 
cause of the fire. 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO ?04 REVIEW BOARD 


March 1 . 1 


INTEGRATION ANALYSIS SUMMARY 


tern Affected: 


Go* Chromatograph 


I ten* 

TPS N/A 


Qbservat i on: 


Seven gas chromatograph variations observed 
in the time period • to V-* : 4 - GMT. 


Discussion and 
Analysis: 


The gas chromatograph ' CG X was nor installed 
for this test 0CP-K-0»'?lV The connector 
which carries the telemetry data siqnals and 
the required AC power was open ended and was 
placed on the GC shelf prior to the test. 

Power to the AC line in the connector was 
turned on during the test per the test plan. 

E>.a™ i not i on of records shew variations on the GC 
trace seven , ■*' times prior to GMT. 

Further i nves t i qat ion of SC- 'P data measurements 
showed that the GC trace variations correlated 
with power changes tn various SC systems 

It was determined that the telemetry data 1 i no 
in the connector has the character i s t ics of an 
antenna, and consequently can detect changes in 
e lec t nvnaqnet i c radiation within the spacecratt 

This phenomenon was verified by tests conducted 
in SC- V • CM at MSC- 

The time of the a* orenent ioned trace variations 
and correlation to system power changes are listed 
bo 1 cw: 

I. V'* GMT. GC trace changed in exact 
correlation with a rise in the VHF/FM RF output 
, CT ’ ' A/^ when the transmitter was turned on. The 
GC output change was .? to ■ 
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2. 220l>: 54 GMT. This trace variation cor- 
relates with middle glmbal angle stabilization 
loop, GC 2147, responding to a fine align mode. 

3. 2219:23 GMT. This change In the GC 
trace correlates to G&N going to coarse align. 

4. 2220:90 GMT. This change In GC trace 
correlates with G&N going to fine align. 

5. 2234:4m GMT. The Pilot turned updata 
link to UHF. 

m. 2233:13 GMT. ECS reported high Op flow 
and asked the crew if their face plates were open. 
The crew reported "No". 

During their transmissions much SC background 
noise was encountered. 

7. 223^:40 GMT. Spacecraft commander (CMD) 

had just changed cobra cables and was in the pro- 
cess of communications check at this time. 

Conclusions drawn from the above data is that GC 
telemetry data line acted as an e lect romaqnet I c 
radiation detector. 
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national aeronautics and space administration 

APOUO J04 RIVIEW BOARD 



1't, |Oi ; ? 


Item #23 
TPS N/A 



IN RFPi r R[»[P 'O 

System Affected : 

Qbse rvat i on : 

Discussion and 
Ana lys is : 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD j 


February 23, 19'7 


INTEGRATION ANALYSIS SUMMARY 


Stabilization^ Control Subsystem I tern jfeU 

TPS N/A 


MTVC Pitch Rate Command observed at 

2330: GMT 


This command was seen on CHOOT^ (MTVC pitch rate) 
and CHIOi'L (MTVC yaw rate) as a one (1) bit char.ge- 
of-state. The SCS frequently sees one (1) bit 
changes on measurements which are attributed to 
noise. 

All data indicated that the SCS operated normally 
at the above time and did not contribute to the 
accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 R£Vl£W BOARD 


IN ^fPl¥ ftMfR to 

April I, 


IN T EGRATI0N ANALYSIS SUMMARY 


System Affected: 


Observation: 


Discussion and 
Analys i s : 


Environmental Control Subsystem Item #25 

#102 
TPS N/A 

The Senior Pilot's suit flow dropped to lower limit 
at 233l‘09*ol8 GMT and then returned to normal flow 
indication at 2331:11-918 GMT. The Senior Pilot's 
hose was found disconnected. 


At 2331:09*^18 GMT the suit flow rate of the Senior 
Pilot was at the upper limit of the transducer 
(saturated) of 25*2? Ib/hr. The flow rate per man 
was actually higher and was approximately 6U Ib/hr 
per man. One-tenth of a second later, at 2331:09-718 
GMT the flow rate had dropped to the lower limit of 
the transducer ( 6.15 Ib/hr) and stayed there until 
2331:11*818 GMT. It then returned to the upper limit 
at 2331:11*918 GMT. The other two suit flow rates 
remained at the upper limit during this period. 

There are three possibilities that could explain the 
suit flav drop-off. These are: 

(a) A momentary short in the suit flow transducer 
wires would explain the suit flow transducer 
going to the lower limit and returning to 
saturated flow again. However, the suit delta 
pressure and compressor delta pressure show a 
marked change coincident with the drop in suit 
flow, indicating that the suit flow in fact 
changed. 

(b) If the suit outlet hose was disconnected, the 
suit outlet has a check valve tn the suit which 
stops the flow to the suit giving an indication 
of no flow. The suit delta pressure and suit 
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Item #25 & #1°2 


compressor delta pressure should increase and, 
in fact, did increase. The decrease in these 
parameters within about 2 seconds after the' 
increase can only he interpreted as suit burn- 
through and/or subsequent reconnection of the 
outlet hose. Disconnection and reconnection 
of the outlet hose within a 2 second time period 
is highly unlikely. If this argument, is to hold, 
the suit must have burned through to re-establish 
flow and sometime later the outlet hose was 
reconnected to the suit. The outlet hose was 
found connected after the acc i dent„ wh ich tends 
to weaken the argument in light of possibility 
(c) wh ich fol lows. 

(c) The suit inlet hose was found disconnected from 
the Senior Pilot's suit. An explanation of this 
could be that the Senior Pilot disconnected his 
suit inlet for emergency egress at the dropout 
of the su i t f low. 

Testing at MSC has confirmed that disconnecting a 
suit inlet hose will produce a dropout in suit flow 
similar to that which occurred at 2331:09*618 GMT. 

In addition the Senior Pilot's inlet hose was found 
disconnected and. sooting was found on the inlet hose 
connector which infers it was disconnected during the 
f i re. 

Based on the above it is concluded that the Senior 
Pilot's hose was di sconnected at 2331:09*°l8 GMT 
and caused the dropout in suit flow. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO :04 REVIEW SOARO 


Maich V. I i< ; 


INTEGRATION ANALYSIS SUMMARY 


Syst em At f oc toJ fm i Control Subsystem 


1 1 om /}:' 

TPS N/A 


Ohsot v.it i on: 


Oxygen mu go tank pi assure started to 
.l<u < ease at '1.1 . Gt-iT 


Discussion and 
Ana Ivs i s : 


Utah oxyvjen t Uiw nlU’s woi e encountered for <v> 
sovomls prior to I ho report ol tire. These flow 
Mlrs ar e attributed to suit leak rates ami crew 
Ovtixity whivh placed a demand on the suit pressure 
regulator to supply oxygen at a rate causing a 
Jecay in the singe tank pressure. 


Test lata have stuvrn that fltiws in excess of 
will result in a tie*, ay in t ho surge 
tank pi essut e. 


It is » on. lo v,', t tie* of ore. that the oxygen surge 
tank pressure' do* »v at ’< » 1 : 1 ' '* GMT was the result 
a? high oxygen t ).*.s info the suit hxip and aid not 
v on t t i hu to to the i n< t r a t i . > ot t he ! re 




NATIONAL AERONAUTICS AMD SPACE ADMINISTRATION 

APOllO 204 MYlfW AWARD 


February 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Env i ronmonta ! Control Subsystem 


Obser vat 1 on : Suit flow indications begin to fluctuate for 

the Command Pilot at ’*41: l.\ v > GMT, for the 
Senior Pilot at ,M4I: l 1 *.!* GMT, and for the 
Pilot at { GMT. At .Mil: b . ' GMT the 

Pilot’s suit flow began to fluctuate violently 


Discussion and 
Ana lys i s : 


Fluctuations I n suit flow indi cat ions are 
characteristic results of lestrictlons in the 
suit f caused by movements of the man 


The time period lor fluctuations in the Senior 
Pilot's suit ’low coincides with the increased 
muscular activity indicated by Phys io logica 1 Data 

Increase in cabin pressure against the suit 
could increase the indication 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 204 REVIEW SOARD 


February 23, 


INTEGRATION analysis summary 


Affected: Stablization & Control Subsystem 


Qbservat i on : 

Discussion and 
Analysis: 


Indication of RCS action at GMT 

The data during this period has been reviewed in 
detail and indicated RCS action was found to be 
The variation does not appear on the 
digital data from CIF VHF-FM which is best at this 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


IN «r Pi t R£ s e 4 to 


April 1. l<v,7 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Stabilization, and Control 
System 


Observation: Rotation Controller output data 

indicates a transient of 1-5# a* 
2530: 54.85 GMT 


Discussion and 
Ana WsTil 


The Rotation Controller (R/C) was 
charred, and the p.istol grip handle badly 
burned. The boot at the pistol grip 
input to the device was partially 
burned away. The cover of the lid was 
buckled outward between the attachment 
screws on each side, evidently due to 
thermal stresses. The lower left rear 
corner (nearest astronaut’s right knee) 
of the cover was disfigured and cracked. 

A dark residue, apparently foreign to 
the pistol grip, was observed sticking 
to the right side of the grip. This 
residue was removed and determined to be 
a mixture of nylon and a terephthalate 
ester by chemical analysis. 

The locking pin visually appeared to be 
Intact; however, about one-sixteenth of 
an inch of unsooted pin was observed at 
the pin's exit point from the device which 
indicated that the pin had been slightly 
pulled out subsequent to soot deposition. 
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Item #3 0 (Cont 'd) 


On the bundle, the polyethylene zipper tubing 
and the silicone rubber shrink sleeving were 
burned through from the cable egress point for 
approximately one foot- The cable and zipper 
tubing were not as badly burned over the 
remaining length left attached to the unit. 

The insulation of four wires approximately 
one inch from the egress point of the cable 
from the device was nicked or split for about 
one quarter of an inch, or had the insulation 
burned and/or blasted away. Magnified 
examination of the exposed wiring indicated 
no arcing or shorting. Functionally these 
four wires are associated with the R/C direct 
rotation switch outputs and were not armed 
with 28 VDC for at leas-t twenty minutes prior 
to the accident. Also the locking pJn was- 
installed at least twenty minutes prior to 
the accident which would not allow these 
switches to be actuated. 

The radiographs indicated no anomalies in the 
R/C internal metal parts. In particular, the 
locking pin was determined to be intact. 

The R/C cover was removed and no evidence of 
foreign material inside the device was 
observed. The potting on the terminal- board in 
the lower rear corner of the device was 
darkened and appeared melted on both sides. 
Charring and crystal i zat ion of spot ties, and 
sooting of internal wire bundles was observed 
in the lower rear and middle rear of the 
device. The internal heat pattern appeared^ 
to be mo$t intense in the lower rear left side 
of the device and then progressed upward and 
to the rear right side through the wires and’ 
components. Examination of the cover, which 
was bulged out (by thermal expansion) when 
attached to the controller, indicated that a 
hot gas flow pattern came from above the 
controller Into the case through- the cover 
bulges. The inside of the cover showed very 
definite indications of a hot gas flow 
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pattern where the hot gas came in from outside 
the controller, was deflected by heavy internal 
components, and then flowed through the wires 
and components to the other side of the 
mechanism. 

The review of the data, the continuity check 
and the insulation check have shown no evidence 
that the rotation controller or the associated 
wiring were a cause or propagator of the fire. 

Special tests have shown that the null output 
transients can be duplicated by a momentary 
interruption of AC Bus L' Phase A input power. 

It is therefore concluded that the AC interrup- 
tion caused the rotation control transient- 
Information concerning AC interruption is 
contained in Integration Analysis Summary 
1 1 em #7 • 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 204 REVIEW BOARD 


Apr! 1 1 , 1'*'7 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Electrical Power Subsystem 


Item #31 
TPS N/A 


Qbse rvat ion: 


Due to the "cold flow" characteristics of the 
teflon insulation, it is possible to have a 
breakdown of the spacecraft wiring insulation 
and resultant electrical shorts. 


Pi scuss i on an d 
Analysis: 


Teflon wire was selected for the spacecraft 
because of excellent resistance to high 
temperature , good dielectric properties, 
lightweight characteristics, etc. It has , ^ 
however, in common with other plastic materia s, 
cold-flow characteristics which permit the in- 
sulation to flow away, from localized high pressure 
over long periods of time. It is possible that 
localized high pressure points., either between wi res or 
between a wire and structure, could ultimately result 
in breakdown of the insulation. All wire bundles ' n the 
spacecraft which showed damage were carefully inspected 
for s igns of arc i ng. 

From all the investigation of arcs and shorted wires, 
there is no reason to believe that any of these can 
be attributed to "col d- flow". 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 204 REVIEW BOARD 


February 23, 1°' *T 


INTEGRATION ANALYSIS SUMMARY 


System Affected: Stabilization * Control- Subsystem 


Observation: 


SC$ roll rate oscillations starting at 
2331:03. GMT. 


Discussion and 
Analysis: 


The SCS roll rate oscillations at 2331:03-85 G MT 
are an Indication of crew movement In the space- 
craft. This Item correlates with launch vehicle 
accelerometer data, IMU gtmbal angle data, and 
nothing more can be gained from additional study 
to try to determine the degree of crew movement. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


April 1, I 9.7 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Launch Vehicle 


Obseryat i on: 


Discussion and 
Ana lys is: 


Launch Vehicle ( LV ) pitch and yaw accelerometers 
( DPIA0V-O1-G2 and CPI BOV-Ol -04) showed slight 
oscillation starting at ?33l:OU GMT and increasing 
with maximum oscillation at .-331:20 GMT. 


The LV pitch and yaw accelerometers output data 
were reviewed to determine relationship with crew 
movements during the conduct of OCP-K-0021 (i.e., 
changing of cobra cables). No correlation was seen 
except during the above period. It is, therefore, 
determined that these data only indicate movement 
of the spacecraft after the accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 

April 1, !*>• 7 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Electrical Power System Item #3U 

T p S CM-CA-OS? 

Obse rvat i on : During an inspection of the S/C harness 

between inverter #3 and the Junction Box 
in the LEB , a suspect arc spot was found on 
the cover plate and wire where it would have 
been in contact with the plate. The wire has 
been identified as volt Bus A power in the 
SCS subsystem. 

Discussion and 

Ana lysis : No positive identification has been made to 

indicate that this arc initiated or occurred 
prior to the fire. The following facts have been 
beterm i ned. 

The location of this arc is within the area 
selected by the Fire Panel as the probable source 
of the fire. 

Water glycol which has been shown by tests to support 
and propagate fire when spilled on wires was- 
known to have been spilled in this area in an 
ear 1 i er checkout. 

The wire bundle was not protected from the sharp 
edge of the junction box cover plate by the nylon 
grommet edging. 

Several possible propagation paths for the fire, 
had it been initiated at the junction box. have 
been found. 
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The glycol spillage had been corrected by washing. 

No change was noted in high sample rate data 
(200 samples per second), which shouJd have indicated 
such a short, until after the time of spacecraft 
rupture. 

Burning noted in the area of the junction box does 
not appear as severe as would be expected had the 
f i re started here. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO ?04 RE VlCw BOARD 


INTEGRATION ANALYSIS SUMMARY 


System Affected: Environmental Control System 


Observat i on: 


Suit differential pressure begins to 
increase at 2331 ;i> • GMT 


Discussion and 
Anal ys i s : 



The cabin pressure began to increase at 
r»33l : A GMT. 

The oxygen demand regulator senses cabin pres- 
sure. An increase in cabin pressure or a de- 
crease in suit pressure will cause the diaphragm 
of the Op demand regulator to be opened allowing 
Qo to flow into the suit loop. 

The suit differential pressure (AP) also began 
to increase at 2331:0'.U GMT since it tends to 
follow the trend of cabin pressure. Crew move- 
ment at this time will also add to the increase 
in su i t AP* 

It is determined that the general rise in suit 
differential pressure was caused by increased 
cabin pressure and crew movement. 

The rapid rise in the slope of suit AP curve at 
r^3 l:00.o GMT is attributed to the dropout of 
the Senior Pilots (SPIT) suit flow. 

The drop in the suit AP at 2*331 : 1 1 * 5 GMT is 
attributed to the resumption of flow in the 
SPLT’s suit inlet hose. The rapid rise in 
the suit AP starting at 2331: 12. U GMT was 
caused by the rapid increase in cabin pressure. 
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I tem jjy ( Cont ' d) 


Information concerning the drop of crew suit flow 
to lower limits at GMT is discussed in 

Integration Summary Analysis Item 

It is concluded that the initial crew suit dif- 
ferential pressure increase was caused by crew 
activities and the latter increase was caused 
by the rapid rise in cabin pressure- 
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HATIOHAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 204 REVIEW BOARD 


March 31 . ^‘7 


INTEGRATION ANALYSIS SUMMARY 


System Affected: Sequential System 


nbservat ion: 


Discussion and 
Analysis: 


Item ft 3^> 
TPS N/A 


Emergency Detection System (EDS) "^ n 9* n ® 

8 out" light went out and came back on 
seconds later, during the EDS tests at 
20:52:23 GMT 

Du'-inq the time of the anomaly the launch vehicle 
"attitude reference fail" check was being performed. 
EDS bus 1 was turned off and the astronaut was 
to verify no change in the panel 5 status! 

J£weter, he stated that the "Engine 6 out" light 
went off. This light came back on 8 seconds 
later as reported by the astronaut and verified 
on the voice tape. Data review showed no switch 
inn in the cockpit- from the time the EDS 
went off for approximately 39 seconds^ 
information is availab e since- this is the B 
side of the light and is not mstrumented. The 
"Enqine 8 out" light wiring has been checked 

S”i.» both iS *" a " ’*,1 

vehicle with no abnormalities detected. 

Intermittent condition of this nature cou d be 
located anywhere in the system however, 
event could not have caused the fire. 
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national aeronautics and space administration 

aPOllO 204 REVIEW board 


in OfPiTREM« 


March 14, 1 9*>7 


integration analysis summary 


System Affected: 


Environmental Control Subsystem 


Observation: 


Discussion and 
Analysis: 


Water-glycol accumulator quantity starts 
decreasing at 2331:13-0 GMT. Glycol pump 
discharge pressure starts Increasing at 
2331:14.4 GMT. Accumulator quantity and 
glycol pump Inlet pressure start Increas- 
ing to upper limit at 3231:13*4 GMT- 
Accumulator quantity reached upper limit 
2331:17.1 GMT. Glycol evaporator liquid 
temperature Increasing at 2331:17*5 GMT. 

A decrease In the water/glycol (W/G) 
accumulator quantity was noted at 2331*13 GMT. 

The quantity Indication continued to decrease 
until 2331* 14 GMT. 

During the time period 2331 :0o. 4 to 2331:12.4 GMT, 
the cabin pressure Increased from 16.40 to lo.94- 
and the battery compartment pressure transducer 
registered an increase from 16.70 to V8. 05* Refer 
to Integration Analysis Summary #T3* 

The quantity measurement for the W/G accumulator 
Is obtained from a transducer which monitors both, 
the W/G and cabin pressure. The transducer W/G 
pressure is taken upstream of the accumulator 
bellows which are also vented to the cabin atmos- 
phere. The bellows are designed to maintain a 7-Q 
psl differential pressure at the pump inlet and 
compensate for changes In cabin pressure. After 
the start of the fire the Initial rate of cabin 
pressure Increase was greater than the rate of 
pressure Increase In the W/G lines The W/G 
accur . lator transducer, accordingly, sensed the 
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Increase in cabin pressure and Interpreted this 
as a decrease In W/G quantity In the same manner 
as If the cabin pressure had remained constant 
and the W/G pressuie had decreased. 

The accumulator quantity continued to show a de- 
crease until the W/G pressure (recorded at the 
pump inlet) began to increase at a very accel- 
erated rate (2331: IS. U GMT). 

The W/G accumulator quantity transducer again 
sensed tne change In pressure differential and 
Interpreted this as an increase in W/G .quant l ty. 

The accelerated rise of W/G pressure is attributed 
to boiling of the liquid within the lines when 
subjected to the Intense heat of the fire. This 
phenomenon has been duplicated by testing. 

A pressure rise at a slow rate was initially de- 
tected at both the inlet and outlet sides of the 
W/G pumps at 3 1 ' 14.4 GMT. 

The rate of pressure Increase and final pressure 
measurement for the outlet side of the W/G pumps 
were less than those recorded at the Inlet side. 
This Is attributed to the pumps acting as a re- 
strictor since they are only designed to supply 
a 2° to 30 psi pressure to the system. 

The late sensing of a temperature Increase at the 
glycol evaporator (2331:17-5 GMT) Is attributed 
to system lag. The normal fl o* sequence of the 
W/G subsystem during this test Is from the pumps 
through the SM glycol radiators, GSE cooling 
equipment, W/G reservoir and finally to the 
glycol evaporator. 

In summary, none of the above findings are con- 
sidered to have contributed to the original cause 
of the fire but were initiated as a result of the 
fire. Data indicate that the W/G Subsystem con- 
tinued operating as an Integral unit until after 
CM and line rupture at which time the glycol then 
acted as a fuel for the fire. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


-N H|p| ' "t • l * ' l' 

February K\ bvf 


INTEGRATION ANALVS l S SUMMARY 


System Affected : Ground Support Equipment I te m § jo 

TPS N/A 

Observat Ion : Ground DC power commanded off at GMT 

Discussion and 

Analysis : ACE data show that the ground DC power was 

commanded off at GMT and that pover 

was off at GMT. This is in accord- 

ance with the emergency procedures. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO ?04 RfVtew IOARP 


IS RlP, » *1 »l « U' 


March 14, 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Crew Equipment 


Observation; Loose equipment which was stowed In the 90s 

chromatograph compartment 


Discussion and 
Analysis: 


TPS r A> (checkout TP$1 on S/C 012 specified that 
the following loose Items were to bo stowed In 
the gas chromatograph compartment at crew Ingress: 

1. 2 each - I*' mm seq cameras 

2. I each - lo mm power cable 

I each - hygrometer control unit 

4. l each - hygrometer sensor cable and sensor 

5. 1 each * hygrometer power cable 

These I terns were stowed In plastic bags. The bags 
were removed by the Spacecraft Technician and 
passed out of the spacecraft after Command Pilot 
Ingress and prior to hatch close-out. 

The six Items listed above were Still In the Gas 
Chromatograph Installation Area as of February 10, 
hXYf. The aforementioned spacecraft technician 
believes that the Items have been moved within the 
area, but there Is no evidence to support this be- 
lief. The cables were still neatly colled as they 
were before the test. 

In addition to these six Items, the gas chromato- 
graph pyro cable connector and pwer/sensor cable 
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Item ifb\ (cont*d) 

connector are believed to have been placed on the 
floor of the compartment. After the Incident, 
the pyro cable connector was In place on the floor 
of the compartment; however, the power/sensor con- 
nector was found on the aft bulkhead. 

The primary area of Interest was to determine If 
the crew had utilized any of the above equipment 
thereby causing the gas chromatograph cable and 
connector to fall on the aft bulkhead, therefore 
providing an explanation for the final location 
of the chromatograph connector. • 

Follow-up investigation showed that cameras 1 lenses, 
and film had not been stowed for this test. It- Is 
therefore concluded that no final determination 
can be made as to crew activity into this compart- 
ment. 


1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD. 


IN «fPl » fitKS TO 


February 10, 19* T 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Caution and Warning Subsystem 


Observation: 


Discussion and 
Analysis: 


Elapsed time indicator failure on S/C 014 
and ET1 Inspection on S/C 012 


The elapsed time indicator for the Caution and 
Warning System was overheated and charred as 
a result of a capacitor short during a test 
on S/C 01 4 during factory checkout at NAA/Downey. 

This time indicator and associated noise sup- 
pression capacitor for the Caution and Warn- 
ing System were physically examined on S/C 012 
and found to be satisfactory with no evidence 
of burning. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


March 1 '■ if 


System Affected: 


INTEGRATION ANALYSIS SUMMARY 


I tem jfkk 
TPS MA-003 


Observation : 

Discussion arv. 
Analyst st 


Bottle of MEK. foun in white room 

A chemical analysis of the Methyl-ethyl Ketone (NEK) 
bottle found in the wft. te room was completed 
accordance with Board Action ^ 

The analysis determined that the material in the 

irs&r . xz 

hour. 

Use of the MEK bottle on the day of the accident could 
not be determined. 


ENCLOSURE 18-53 
D- 18-216 



N Rf Pi y Rt » t * T 0 


national aeronautics and space administration 

APOLLO 204 REVIEW BOARD 


March ; 1 , l v ‘* 7 


System Affected : 


Qbservat ion: 


INTEGRATION ANALYSIS SUMMARY 


Environmental Control System 


Item #4S 
TPS CM-CA-1 3 f - 
CM"CA - W 


Two broken pressure transducers were noted on 
the ECU during post fire inspection 


Discussion and 
Analys i s : 


The two transducers were identified as the suit 
inlet pressure and water glycol pumps outlet 
pressure transducers. Both transducer connectors 
and associated wiring were damaged and electrical 
continuity checks shoved all circuits open. Na 
visual evidence of a fire path from within the 
transducers was found following removal of the 
covers. In addition, radiographic examination 
indicated no evidence of damage within the units 

The cabin pressure and water glycol outlet pressure 
transducer data Indicated normal operation both 
before and after the fire. 

The cabin pressure exceeded maximum operating 
range ( U psia} of the cabin temperature sensor 
transducer at 13-^ GMT while the water 

glycol loop exceeded the transducer maximum 
operating range ('■' psla' 1 at 23i31 GMT. 

It is concluded that the transducer damage did not 
contribute to but was the result of the accident. 
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NATIONAL. AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 20 * REVIEW BOARD 


February P. , l 1 * 1 


INTEGRATION ANALYSIS SUMMARY 


System Affected: Crew Equipment 


Qbse rvat i on : 

D i scuss ion and 
Analysis : 


Bonding Straps on Crew Couches missing 

There are four crew couches grounding straps in 
the spacecraft, two from the floor to the space- 
craft wall and two from the 2-strut to the center 
couch. The two from the floor to the wall were 
installed, and the other two were missing. They 
had not been installed due to parts shortage. 

Bonding checks on the crew couches made after the 
test indicate resistances in the order of 1 ohm. 
While this is high compared with normal bonding 
requirements of ' ohms, it is lew enough to 
prevent any static charge buildup- It is thus 
determined that lack of bonding straps did not 
increase the possibility of a static charge 
buildup on the couch relative to the command 
module structure. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


IN «fPl V Kfc* £ ft TO 


March 16, I 967 


INTEGRA! ! ON ANALYSIS SUMMARY 


System Affected: 


Electrical Power Subsystem 


I tern #4-7 
TPS S/C-082 


Observation: 


Discussion an d 
Analysis: 


Screwdriver caused an arc in wire harness 
(Ref. OR 0917 dated January 23, 1967 ) 


Investigation of this Item was performed in 
accordance with Board Action 0060. 

Discrepancy Report (DR) 0917 dated 1-23-67 states, 
arc drawn on technicians screwdriver during re- 
moval of cover panel for C15-1A52 J-Box. 

Panel Cl5*lA52 Is a wire junction panel located 
In the LEB ( just left of the #3 inverter and 
below the gas chromatograph Installation, 

The technician was requested to remove the panel 
to allcx for trouble shooting behind It. He re- 
moved the cover and the two holding screws on the 
left side of the panel and the bottom screw on 
the right side. To gain access to the top right 
screw, he removed bundle spot t les, , separated the 
wires, and Inserted the screwdriver between them. 
In the process of trying to remove the screw, the 
screwdriver drew an arc. An Inspection was made 
of all the wires In the Immediate bundle and one 
temporary wire repair was made with "mystic 11 tape. 
Since the screw head was so badly wol lowed out, 
the screw was finally removed with a pair of vise 
grip pliers. Because of the offset of the pller 
jaws, It was not necessary to go between the wires 
for the screw removal. After the panel was un- 
fastened, It was left ajar for access to accom- 
plish the original purpose of the removal. 




Item tfbj (cont'd) 
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The next day a permanent fix of the damaged wire 
was made with heai shrinkable teflon tubing. The 
technician then redressed the wire bundle. He 
then re-lnstalled the panel with the two screws 
on the left side of the panel plus the left bracket 
which holds the cover. The technicians on the next 
shift Installed the two screws on the right side, 
plus the cover holding bracket, and the cover. Be- 
cause new screws were used and the way the wires 
were dressed, It was possible to tighten the screws 
with the 9crewdr i ver at a slight angle without going 
between wires. No-tests or reverification checks 
were made on the wires in the affected bundle. 

To get a better understanding of the work which 
took place, a simulation was made on SC 014 with 
the same technicians who did the initial work on 
SC 012. 

Inspection February 12, 1967 of SC 012 cover on 
C-15-IA52 J-Box revealed the following: 

1. One wire adhered to the melted plastic 
on the bottom of the cover plate. 

2. The unprotected bottom of the harness 
badly burned. 

3. The portion of the harness behind the 
cover plate was In good condi t ion. 

4. The rel-ay wires were scorched. . 

5. * Nothing. suspicious was noted at this tine 
of the wire associated with screwdriver arcing 
Incident. 

Re-examination of the cover plate on March 3. 1°67 
revealed signs of possible arcing caused by another 
wire. 

A final inspection on March 4, 19^7 of the wires 
In the area Involved with the screwdriver arcing 
incident found no evidence which can be attributed 
to Initiation of the fire. 
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It Is concluded that the area In which the wire was 
damaged by the screwdriver Incident during the re* 
moval of the cover on C-15-IA52 did not contribute 
to the accident. However, the splitting of the 
wire bundles into two bundles and consequent re- 
routing of part of this bundle created the possi- 
bility for damaging adjacent wires In the wire 
bundle. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


in-RFRi Y A&.F ER TO 


February 10, 19 r 7 


INTEGRATION ANALYSIS SUMMARY 


System Affected: Ground Support Equipment 


Observat ion : Configuration of ACE Control Room #1 and 

ACE Computer Room #1 


Item ft 9 
TPS N/A 


Discussion and 
Analys is: 


ACE Configuration established. 

The ACE Control Room #1 and Computer Room #1 con- 
figurations have been defined and studied. All of 
the data indicate that the system operated properly, 
that no spurious commands were transmitted, and in 
no way contributed to the accident. 


ENCLOSURE 18-53 

D- 18-222 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


March t9^7 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


CM Floodlights 


Observation : Review of past floodlight failures and flood- 

light examination and testing 


Discussion and 
Analysis: 


Board Action OI69 directed the removal and inves- 
tigation of the SC CM floodlights. 

Removal and inspection of the floodlights were 
conducted in accordance with TPS CM-CA-053* Test- 
ing and evaluation of test results were conducted 
in accordance with TPS CM-CA-054. 

Six qualified CM Interior Light Circuits were in- 
stalled in SC 012 CM. These included the Left 
Hand Overhead (LHOH), Right Hand Couch (RHC), Left 
Hand Couch ( LHC) , Right Hand Strut ( RHS) # Left-Hand 
Strut ( LHS)- and Right Hand Overhead (RHOH). 

All Interior lighting floodlights gave physical 
Indications of having sustained extensive fire 
damage . 

Of the six circuits that were known to be operating 
prior to the fire, three survived and functioned 
normally w-lthin the specification current limits 
following removal from the SC. The secondary cir- 
cuits were not energized during the fire. All six 
of these circuits survived and functioned normally 
within specification current limits. 

The three non-functioning circuits were the LH0H f 
RHOH and RHS primary circuits. These circuits were 
open and did not dr»v an Imput voltage up to 28 VDC- 
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\ tom #49 (cont 1 d) 


Visual examination of the aforementioned 3 lights 
Indicated that they had been exposed to higher 
external temperatures than the other lights. 

Tests performed by the vendor indicate that the 
inverter circuit of the lights will cease com- 
mutation at temperatures between 2y> and 2 tJ F. 
Failure of the circuit to commutate results in 
approximately 10 amps current drain and opening 
of a fuse is approximately '500 microseconds at 
six amps. After fuse opening, the circuit is 
open and does not draw current. 

Since the lights that contained the non-function- 
inq circuit were the same ones which sustained the 
higher heat damage it is deduced tha * t,,c ' r e 1 r “ 

-u its reached temperatures above 2V> F and de- 
commutation caused their associated fuses to open. 

In summary it is concluded that the floodlights 
were not an initiator or major propagator of the 
fire. In addition, the damage to their exterior 
surfaces and opening of the three primary circuits 
were caused by exposure to the CM fire. 


ENCLOSURE 1853 

D- 18-224 



NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


in RfPlY t O 


March 10, 19^7 


INTEGRATION ANALYSE S SUMMARY 


System Affected: Cryogenic Gas Storage Subsystem 


Item jfcO 
TPS N/A 


Observation : 

Discussion and 
Ana lysis: 


H 2 tank fan motor variation at 232n:30.4 GMT 

Variations similar to those noted at 232*3:30. 4 GMT 
appeared periodically prior to the accident. 

Test Procedure for OCP-K-0021 requires that all 
GSE access connectors be disconnected during this 
test. 

It. was verified that GSE access connector J22 was 
not connected at the time of the accident. Con- 
nector J22 normally carries the Fan Motor 
measurement (SFO 363 V). 

Verification was accomplished by physical checks 
at LC3U, 2030 GMT, February 2 and by review of 
Quality Control LC34 checklist, F0-K- 10011, for 
OCP-K-002 1 . 

The H 2 tank fan motor variation noted at 232^:30.4 GMT 
is attributed to random noise. This Incident did 
not contribute to the S/C 012 accident. 
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national aeronautics and space administration 

APOLLO 204 REVIEW BOARD 


'»*• flf p, V fit * £ R TO 


February 15 , 10^7 


I NTEGRATI ON ANALYSIS SUMMARY 


System Affected: Stabilization Control Subsystem 


Observation; 


Hole In the translation hand controller 


The translation control was mounted on CM 012 at 
the L/H side of the L/H couch and was noted after 
the accident to have a relatively large part of 
the upper R/H rear corner missing. 

The translation control was inspected for fire 
damage at the MAB laboratory with the following 
results; 

a. In general, the damage due to fire and in- 
tensity of charring and sooting is most evident 
at the upper right rear corner. Charring and 
sooting diminishes from that corner in general 
toward the bottom front area and the bottom rear 
area where little evidence of soot or heat searinq 
Is visible. 

In this Initial inspection, it did not appear that 
heating came from within the device. It also 
appears that the missing cover corner has been 
caused by a blow from the outside after the cover 
had heated above an embrittling temperature (greater 
than lOOOOp). (Ref. Summary Report of TPS P r 8-002) 

b. The translation control was functionally 
tested and verified to be functioning normally. 

This indicates that the fire damage did not degrade 
the functional performance of the device. (Ref. 
Summary Report of TPS PIB-005. ) 
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It is determined that the hole in the translation 
controller did not result from an action which 
may have contributed to the accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD, 



<N «f Pi ▼ Rt » E R » Q 


February 1", l‘fc'7 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Waste Management Subsystem 


I tem #52 
TPS N/A 


Observation : Waste Management Subsystem blower failure 

(S/C 00^) 

Discussion and 

Analys Is : The Waste Management Subsystem (WMS) blower motor 

failed on S/C OCX 0 after approximately three hours 
of continuous operation. Normal operation of the 
blower is for short periods ( approx imate ly five 
minutes or less) to provide gas flow only for the 
vacuum cleaner. Previously, the blower was used 
to provide gas flew during collection of urine and 
feces. Due to a design change, the WMS blower is 
no longer utilized during these operations and the 
hard lines involved connecting the blwer to the 
selector valve have been disconnected and plugged. 
However, the electrical control of the blcwer by 
the selector valve has not been changed. There- 
fore, when the selector valve is moved to either 
the urine or feces position, the blower is started 
and forced to operate against a dead headed system. 
S/C 012 Waste Management Subsystem configuration 
was the same as S/C 00ft. 

The WMS blower selector switch per recorded con- 
figuration was off at pre- ingress of the crew. 

Review of the OCP-K-0021 shows that the WMS blower 
selector switch v as off immediately prior to the 
accident. Also, post test switch check list shows 
the WMS selector switch In the off position. There- 
fore, it Is determined that WMS blower did not 
cause the accident- 


L 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO »4 MVtEW tOAAO 


April 1, 1967 


INTEGRATION ANALYSIS SUNNARY 


System Affected: 


Environmental Control System 
Guidance and Control System 


Observation: A survey should be made of the failure history of 

heaters of the types used on the spacecraft to 
determine if any failure modes can be related as 
a cause of the accident. 


Discussion and 
Analysis: 


The following heaters were on board the spacecraft: 

(a) Potable water heater - not powered for the Plugs 
Out Test 

(b) IMU Heaters - no electrical short or burn-up 
type failures have occurred for this type of 
heater. These heaters were in sealed units. 

(c) Eyepiece Heaters - one reported failure due 
to broken heater cable caused by insufficient 
cable length. The cable was lengthened. 

( d) Gyro Heaters - two "out -of -spec" failures re- 
ported (tolerance + 2 F). No electrical short 
or burn-up type failures. These heaters were 

I n sea led units. 

(e) Steam Duct Heater - not powered for the Plugs 
Out Test 

(f) Urine Dump Heater - not powered for the Plugs 
Out Test 

The review of failures on the S/C 12 heaters and of 
these generic types of heaters show no evidence of 
problems which could be associated with the accident- 
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System Affected : 

Observat ion : 

Discussion and 
Analysis : 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


Apr i 1 1 , 19' 7 


INTEGRATION ANALYSIS SUMMARY 


Environmental Control Subsystem 


1 tem #54 

TPS N/A 


Leakage of Water/Glyco) 


There has been a history of water/glycol leakage 
and spillage in spacecraft 012. Some of this occurred 
during tests at the factory and some occurred before 
and during the removal of the ECU at K$C- The 
characteristics of the inhibitor used in the coolant 
water/glycol fluid leaves a residue that is electrically 
conductive, hygroscopic and flammable. Leaks of water/ 
glycol occurred in the lover equipment bay and 
Environmental Control Unit area during earlier tests 
on Spacecraft 012. These leaks were mopped up and 
connectors and accessible wire harnesses were washed 
with distilled water and alcohol, and dried with 
n i t rogen. 

After the accident, all connectors were carefully 
disconnected, photographed , and inspected for any 
signs of internal burning or arcing. No evidence 
of internal arcing or burning was found which in- 
dicated a fire source. However, if the leakage or 
spillage had not been adequately cleaned up, it would 
provide a flame propagation path. 


L 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


i N » S£ » £ « to 


February ]h t 19» 


INTEGRATION ANALYSIS SUMMARY 


System Affected : CM Reaction Control Subsystem 


Observat ion: 


Discus s ion and 
Anatys is: 


Item 
TPS N/A 


CM Reaction Control Subsystem ( RCS) thruster 
temperature indicates pressure shell rupture 


Measurement CR 4*v-IT CCW engine wall "A" system CM 
RCS showed nominal outside air temperatures ('7-T°F) 
until 2331: 19.8 GMT. 


This time matches well the time indicated by G&N 
measurements and pressure measurements for pressure 
shell rupture ( approx imafely 2331:18 to 2331:19 GMT). 

It is determined that the high temperature indicated 
by the RCS engine is an effect of the release of flame 
in the area by the pressure shell rupture. 
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>* HFPi V At » t » 10 

System Affected : 

Qbservat i on : 

Discussion and 
Analysis : 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


March 2 \ 19’ 7 


INTEGRATION ANALYSIS SUMMARY 


Environmental Control Subsystem 


I tem £$£ 

TPS S/C-Ooj 
CM-MA-OO^ 
CM-MA-00" 


Lithium Hydroxide Canisters utilized were 
non-flight configuration 


The lithium hydroxide ( L i OM ) canisters utilized 
during the conduct of OCP-0021 were unqualified, 
non-flight configuration and did not contain the 
S0$ bypass provisions incorporated in the improved 
f 1 i ght can i sters- 

A detailed review of the data associated with the 
crew oxygen suit loop indicates normal temperatures 
and circuit integrity until approximately 10 seconds 
after the "fire" call. At 23?l:lo GMT both the suit- 
supply temperature and Li OH canister outlet tempera- 
ture started increasing which indicates loss of 
pressure suit circuit integrity, thus allowing warm 
gasses to be drawn into the suit compressor and 
thru the Li OH canister. 

From the above it has been concluded that integrity 
of the Li OH canister remained until after the start 
of the fire. Also damage to the canisters was a 
result and not the cause of the accident. 


ENCLOSURE 18-53 
D- 18-232 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD _ 


February 15, ^"7 


I INTEGRATION ANAIYS1 $ SUMMARY 


System Affected: Environmental Control Subsystem 


1 tem »5T 
TPS S/Q007 


Observat t on : 

Discussion and 
Analysis: 


Analysis of gas from the two Beckman Analyzers 

Two (2) Beckman Oxygen Analyzers were located In 
the Pad S/C White Room to extract cabin and 
suit gas samples- Serial No. 4 analyzer was util- 
ized in extracting the first cabin gas sample 
after a twenty (20) minute purge. S/N 3 analyzer 
was utilized in extracting the suit gas sample 
and the second cabin gas sample after a ten 10) 
minute additional purge. 

The MAB performed a lab analysis of samples 

taken fron the analyzers to determ. ne the pres 
ence of contaminants which would be '"*«•*!£)* 
cabin contamination (reference TPS S/C 012 007). 

The determinations of the MAB lab analysis are as 
follows (reference Report MAB- PI-’.. dated Februa V- 
. , lOt'7) : 

1. Neither of the analyzers contained signifi- 
cant gaseous materials (more than W ppm ° 
thing other than air components. The S/N ' analyze 
did contain trichlorethylene. most of wh.ch was 
absorbed In the gel cartridge. 

2 The air in the analyzers can be accounted 
for by* one and probably both of the following: 

a The bulbs were squeezed by someone 
before being impounded. 
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I tem #57 (cont 1 d) 


week^h»f T ^ e t,me delay ( approximately one 
week between use end analysis resulted In 

Ims. **** " t0 the SyStem and/or sam P'e 
Upon completion of the lab analvsU , 

”. r M“ ke ?oS rrr'" 9 ’ Mr \r£z“'* 


Serial No. 3 analyzer 
a- Ambient air - 20* 0% reading 

b. 100* 0 2 - 100* o 2 reading 

c. 100* N 2 - 0* 0 2 reading 


2. Serial No. 4 analyzer 

a. Ambient air - Ik* 0 2 reading 
b- 100* O 2 - 100* 0 2 reading 

c. 100* Us - Below 0 2 reading 

It Is determined that the analuctc . 

taken from the two (2) ® as sam P^©s 

L ac . , cw0 l*/ Beckman Oxygen Analv 2 £r< 

lh ch’Z h° ind ' caC!on of «bln contamination* 
which may have contributed to the accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 20 A REVIEW BOARD 


IN HfPl v Rt»f* TO 


March 14, 19t>7 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Communication Subsystem 


I tem #58 
TPS N/A 


Observat I on : On-board recording equipment and electrical 

connector configuration 

Discussion and 

Analysis: The following recording devices were on-board 

S/C 012 at the time of the incident: 

a. FQ Recorder, V16-754I0Z. S/N Fit 12 

This recorder was loaded with tape, the 
cover was installed and the recorder was elec- 
trical ly. connected. The recorder was not on at 
the time of the incident and would not have been 
turned on until into the mission run section of 
the test. 


b. DSE Recorder. V16-714385. S/N SADOOQ3 

This recorder was loaded with tape, the 

cover was installed and the recorder was elec- 
trically connected. The recorder was not on at 
the time and would have been turned on immediately, 
prior to l 1 f tof f . 

c. MOAS, Part #51107*). Serial frVfglA 

This system was connected to the Senior 
Pilot, after crew ingress and was in operation 
from ingress through the incident. 

d. DSEA Recorder S/N j04 

Note that only one DSEA recorder was In- 
stalled on the spacecraft. This recorder was in- 
stalled in the #2 slot, the alternate slot, and 
existing paperwork indicates the recorder was con- 
nected. Physical verification on 4 February indi- 
cated that a DSEA recorder was located in the 
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alternate position, but that neither the power 
cable was connected to the recorder nor was the 
adapter cable connected to the recorder, The 
power cable at the DSEA end was not capped. Due 
to the activation of S 1 3 and CB49 on Panel 22 
AC power was present at the DSEA end of the cable 
and DC power was present due to the activation of 
CD 9^ on Panel 22. . 

Inspection of the DSEA cable showed no evi- 
dence of arcing. 

There Is no Indication that any of the on-board 
recording equipment was the cause of the fire. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


IN *FPi V E* TO 


April 1, 1967 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Crew Equipment 


1 tem ff6l 
TPS N/A 


Observation : A survey should be made to evaluate the potential 

magnitude of electrostatic energies in the Command 
Modu te. 


Piscussion and 
Analysis: 


Exploratory tests with suit materials and other 
nonconducting materials used in the spacecraft 
indicated that large electrostatic energies could 
be generated* retained and discharged. As a result 
of the exploratory tests a detailed test program 
was generated to evaluate the potential magnitude of 
electrostatic charge buildup and the possibility 
of a discharge igniting materials or gases in the 
area of the discharge. Details of these tests can 
be found in the Panel #8 Final Report. 

The electrostatic testing determined that ignition 
of solid materials by electrostatic discharge is not 
a probable explanation of. an ignition source for the 
acc i dent. 

It is concluded that electrostatic energies from 
the Command Module non-conduct ing materials did 
not contribute to or cause the accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO ?04 REVIEW BOARD 


'N RFPi r Rffffi to 


March 17, l<*7 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Environmental Control Subsystem 


Observation : Investigate water glycol pump failure on 

S/C COB and inspect S/C 012 pumps 


Discussion and 
Analysis: 


The plastic pump cap configuration on S/C OOB 
water glycol pump allowed leakage which con- 
tributed to the pump motor failure. 

The S/C 012 water glycol pumps utilized an 
inconel cap between the magnet side and the 
magnetic motor side. 

Investigation of the ECU water glycol pump was 
conducted In accordance with Board Action Item 
# 0168 . 

Tear-down of the pumps revealed that the inconel 
caps had allowed no leakage and that the motors 
were In satisfactory condition. It ts noted that 
the water glycol pumps operated satisfactorily 
before, during and after the fire. 

It Is concluded the S/C 008 water glycol pump 
failure was not duplicated on S/C 012 and that 
the S/C 012 water glycol pumps did not con- 
tribute to the Initiation of the fire. 
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NATIONAL, AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO ?04 REVIEW BOARD 



, N R f p, * «i • i r ’ March ° , 1 '• 


I NT CG RATION ANALYSIS SUMMARY 


System Affected: f.nv i ronmental Control System Item 

■ - Tps N/A 


Qbservat ion : Sharp increase in oxygen flew rate, to 

measurement limit at to 2 ^2U: > • GMT. 

Discussion and 

Analys i s : Communications and bio-medical data indicates 

crew activity at this time. 

It has been determined from previous tests and 
early in this test that oxygen flew rates are 
affected by crew movement and activity. 

It is concluded that the sharp increase in 
oxygen flow rate was caused by crew activity. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


February .'3, 


INTEGRATION ANALYSIS SUMMARY 


System Affected: Environmental Control Subsystem 


I tern #64 
TPS N/A 


Observation: 


Discussion and 
Analysis! 


Excessive alarm time observed following high 
oxygen flow indication at 2145:54 GMT 

The oxygen ( „ 0 ) flow transducer assembly, C23A2A5, 
has two outputs; an analog to the data system (PCM 
and cabin meter), and an event to the 15 second time 
delay associated with the input to the caution and 
warning system. The PCM system saturates (reads 
full scale) at a transducer output of 5*0 volts. 
Information from AIResearch acceptance testing of 
this particular transducer assembly Indicates the 
event output does not trigger until the analog 
output reaches 5*3 volts. 

At 21:46:21.5 GMT the master caution was triggered 
by the 15 second time delay. This was 15 seconds 
after the H o 0 cyclic accumulator assembly had cycled. 
It Is assumed that the accumulator step 0 fl cm (the 
PCM Input was saturated at 5 volts as. previously 
noted at 21 : ^5: 54- GMT) and was sufficient (above 
5.3 volts with a step requirement) to Immediately 
close the "reed" relay (event output) In the 0 2 
flow transducer assembly. The original 1 Igh 0. 
flow was at a sufficient level or had Increases to 
a sufficient level during the HO accumulator 
cycle to hold the "reerf* relay Tn when the 
accumulator cycle was complete. 
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Item j*64 (Cont'd) 


It can be inferred that this was not a malfunction 
because this period of high 0 flow was interrupted 
by cyclic accumulator action, and because the time 
delay worked properly at all other times including 
during the accident. It is concluded that this 
delay system had nothing to do with the cause of 
the accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 R£VI£W BOARD 


H Rf p. * «ftfl 


February 


INTEGRATION ANALYSIS SUMMARY 


System Affected : 


Instrumentation Subsystem 


Observation : 

Discussion and 
Analysis: 


Elapsed Time Indicators, post test inspection 


AH Elapsed Time Indicators (ETHs) used on S/C 
012 which are not qualified as flight hardware 
and were to be removed prior to flight were in- 
spected after the accident. (Reference TPS S/C 

012 - 05 *+). 

Excessive external heat indications were observed 
on all ETHs but there were no visual indications 
of short circuits. There were no ETHs installed 
on the C-band transponder, VHF-FM transmitter or 
HF transceiver and covers were not installed 
on- the connectors. There were no shorting indi- 
cations observed in the open connectors. 

It is determined that the ETHs inspected did 
not cause or contribute to the accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 204 REVIEW BOARD 


.RfP.TflflfR'J 


March ”, 1 *■ 7 


System Affected: 


INTEGRATION ANALYS1 S SUMMARY 


Envi ronmcnta 1 Control Subsystem 


I tern ££ 
TPS N/A 


Qbservat ion : 

Discussion and 
Analysis: 


ECS F i rc at AiResearch 

A fire occurred on April 26, 19‘» In the AiResearch 
altitude chamber used to simulate the Comman ° 
ule while the Apollo Environmental Control System 
fECSl was undergoing a mission-life qualificatio 
test The incident took place after completing 
hours of a scheduled hour test- 

The most probable cause of the fire was a failure 
of the commercial-quality strip heater used o 

a r heat to n z z? 

: ecttca heate t pes were wrapped around a num- 

Thfheater M^w^e'wls^^onitriM^to extrude 

through the insulation and a. fire was initiated 

under simulated conditions. 

It is determined from the [cat ion°in- 

Tdent cannot ^7 associated with the cause of the 

s/C accident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


1 N ft£ » £ R TO 


February 17, 1<)7y 


INTEGRATION ANALYS 1 S SUMMARY 


System Affected: Communications Subsystem 


1 tern #70 
TPS N/A 


Observat ion : 

Discussion and 
Analys is : 


VHF-AM receiver failure encountered on S/C 008 

The VHF-AM receiver #1 failed during a thermal 
vacuum test on S/C 008. The receiver was re- 
turned to Col I ins Radio Company for checkout and 
found to function normally. Additional investi- 
gation of the spacecraft circuitry revealed that 
the wire harness between the MDE panel 20 receiver 
select switch and receiver 1 and 2 had been par- 
tially cut and some corrosion was noted on the 
bared conductors. The harness was spliced and 
additional tests run. 

It is determined that this failure has no applica- 
bility to S/C 012 and the cause is attributed 
to a cut wire rather than a system or component. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


RfP. t Rt M » I * 


March ?, l l,< Vf 


INTEGRATION ANALYSIS SUMKARY 


System Affected: 


Env I ronnen i a I Control Subsystem 


1 1 em ${ 1 
TPS N/A 


Observat ion: 


Suit loop return valve leak encountered on 
S/C 


Discuss ion and 
Ana lys is : 


During performance of Test f}* on S/C VP, it was 
noticed that there was atmospheric air in the suit 
loop (nitrogen contamination) following crew in- 
gress. It was determined that the cabin air enter- 
ed into the suit loop through the Suit Circuit 
Return Air Check Valve due to a low A-P across this 
valve assembly. A check of the leak specification 
on the valve assembly showed that the rate of in- 
crease of N p in the suit loop was within the al low- 
able leakage. A procedure change was made, for S/C 
Ol? which required cracking of the Direct Valve 
to maintain positive pressure in the suit loop after 
crew insertion. 


It is determined from the above that the leakage 
problem encountered on S/C OOP cannot be associated 
with the cause of S/C 0 1 f? accident. 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO ?04 REVIEW BOARD 


March ■ . lO-'Y 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Stabilization Control Subsystem 


I tem 
TPS N/A 


Observation: Manual Thrust Vector Control ( MTVC ) Engage 

came on for five seconds on earlier tests 
of S/C 


Discussion and 
Analysis: 


The MTVC Engage (CHI MO Event Light was seen to 
come on without actuating the translation control 
on the fol lowing occasions: 

I. During Chamber Pump-Down ( ,00-'' ft.' 
for unmanned altitude run of 0CP-K**O'v»A on 
December Pe, l c »» < . Extinguished after eight 
seconds. 

f>. During OCP-K-l 00* » A apparently while the 
crew couches were being moved. The light went 
out with no activity after two seconds. 

During OCP-K— -^ r >A with no activity in the 
spacecraft. L.ight went out when SSRP moved the 
crew couches. 

On the first occasion, the $C$ was in the monitor 
mode with the Delta V Switch "ON". The two other 
times the light was seen, the SCS was in SCS Atti* 
tude Control (Delta V switch - OFF'. 

An attempt was made to activate the MTVC Engage 
while in the SCS Attitude Control Mode by turning 
the Translation Hand Controller (THC) clockwise 
without success. This action showed that MTVC 
could not have accidentally been activated to cause 
the two indications in OCP-K- ''''A ( ? and above). 
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Connectors were wiggled, partially demated and 
wiggled, and then reconnected in an effort to 
make the MTVC Mode light come on, but the light 
stayed out. 

With the SCS in the same conf i gu rat i on as it was 
in OCP-K- O-’+A (Monitor Mode and the Delta V switch 
ON), the THC was rotated to MTVC (CW'l. Observa- 
tions were made which showed the switch could be 
detected by other SCS measurements ( CH '27*U and 
CH107’* and BMAG ^outputs) . OCP-K- 1 'UA data were 
reviewed and no activity on CH VY’j , CHI'S,', or the 
BMAG outputs was seen. 

Later the Yaw ECA was removed for another problem 
and the MTVC Engage Signal Conditioner was tested 
in the Bench Maintenance area and proved to be 
within specifications. This ECA was then sent to 
Honeywell for evaluation and the spare Yaw ECA 
was installed in S/C 012. Threshold level of the 
PCM system signal conditioner was also tested and 
found to be in tolerance. 

Based on troubleshooting data, the following con- 
clusions have been reached: 

1. The MTVC Engage indications in the three 
instances above were ’’FALSE" indications since 
none of the data from OCP-K-OO 3 LA or OCP-KKaO?A 
indicated any actual engagement of MTVC (no activity 
on CH007-' 1 , CHlOYU, or the BMAG outputs. ) 

2. The malfunction is probably in the harness 
between the SCS and the PCM system. An intermittent 
open in a wire or connector would cause the indica- 
tions. 

?■ The indication received during the acci* 
dent in 0CP“K*OO21 was real. Data review showed 
activity on CH0074 , CHlOYU, and the BMAG outputs 
which correlates with the indications received dur- 
ing troubleshooting. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO ?04 REVIEW BOARD 


-S REP, v R( I ( R 


April I , I *• T 


INTEGRATION ANALYSIS SUMMARY 


System Affected: 


Electrical Power Subsystem 


Item ? 7« 
TPS N/A 


Observat ion : AC Bus phase C short during prior test 

on Spacecraft I ’ 


Pi scuss ion and 
Ana lys i s : 


AC Bus . ’ phase C shorted during troubleshooting 
of I OR . The short was J '9/GSE Pin V to ground 
and happened while trying to make a voltage measure- 
ment on AC Bus 7 phase C. The shorted instrumenta- 
tion circuit contains a 1/« u amp instrumentation 
fuse ( F 1 , CI^AP). The blown fuse was removed and 
replaced with a like unit- 

Blowing fuse F- ( IA C amp) in the inst rumentat ion 
circuit is not considered to be harmful to the ACf! 
pcwer system. Therefore, it is concluded that this prior 
concurrence has no correlation with the accident. 
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IN Rf Pi V REFER TO 


Systems Affected: 


Observation: 


Discussion and 
Analysis: 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


February 2k, I 967 


INTEGRATION ANALYSIS SUMMARY 


Sequential Subsystem I tern tfTj 

TPS N/A 


DRS692 dated 1 1-27-6<> indicated that the terminal 
wires were exposed on the 15 second timer C23K1 
relay 


The permanent installation and removal record 
shows that the time delay module was removed 
from the C 15 "IA 52 panel; and, without violating 
electrical connections, the exposed wires were 
potted, an i the module remounted. Since the 
electrical connections were not violated functional 
retest of the unit was not required. 

Post accident evaluation of the relay has shown 
that the potting on the relay is intact and that 
the relay was .properly, installed. 

Data review shows that the relay performed its 
function (15 second time delay from the time 
of Oxygen High Flow Rate to Caution 2 nd Warning 
Light Function) properly several times during 
OCP K-0021-1. 
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Discussion and 

Analysis : The Investigation of MDC Panel #24 was carried 

out as directed by Board Actions 0145 * 0153 and 
0160 and in accordance with TPS (s) CM-CA-030, 
CM-CA-031 and CM-IV-041. 

Review of the summary of difficulties which were 
encountered during fabrication and Installation 
showed that all had been properly dispos Ktloned. 

When the MDC Panel #24 was removed and Inspected* 
two areas were observed to require special Inves- 
tigation. These areas were the wire bundles be- 
tween the Emergency Detection Subsystem (EDS) 

Power Switch and the Sequence Arm Switches, which 
showed heat damage and the positioning of the 
BodyrMounted Attitude Gyro (BMAG) Switch. Dis- 
cussion and analysis of the BMAG Switch Is con- 
tained In Integration Analysis Sunmary, Item #99* 

Inspection of the wire bundles revealed no visible 
damage from the burned area to the connectors. 

Continuity tests of the panel In the as-found con- 
dition showed all normal continuity and circuit 
resistances. The continuity tests In all other 
switch positions for Panel 24 also showed normal 
continuity and circuit resistances. 
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Item #76 (cont'd) 


2 


f - rJ - ■ jflVJ.'jq-MJWIM 1 uiw7j* 


Analysis of theSe tests showed that electrical 
continuity was present after the fire and that 
no damage of a significant nature had been In- 
curred by the switches, panel wiring or connec- 
tors. 

It is concluded, accordingly, that the charring 
of the EDS switch and associated wiring was 
caused by an external flame Source and not by 
heat generated internally In the switch. in addi- 
tion, the components of the panel were not a 
source or a major propagator of the fire. 


c - * 

i 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARO 


mr ; » «MS« 


MO(vh : , I *• 


INTEGRATION ANALYSIS SUMMARY 


Sv stem Af fee to«.i: 


Env i r onmont . 1 1 Conttol Subsystem 


! t cm a 

TPS S/C- 


Qbservat i on : 


•Butt of mi Ik Odor " won detected in the Suit 
c » rcu « t 


D i scuss ion and 
Ana I ys i s : 


The ova I unt ion of the “buttermilk odor'' 
involved the loview ot the K-bottle analyses 
of the source, the Beckman Analyser analyses, 
the gas sample (Watermelon MP taken at the 
crow mouthpiece an! earlier sample analyses 
f rom • to I * ’ >- i 

The loview of : he K-bottle analyses tevealed 
no unusual impurities an* the' gas analyses 
met spc\ i t ii at ions as regui red 

The analysts ot gas Horn the two Beckman Oxygon 
Anoly^et s tevealed no significant information 
on ’-butteimilk odo< " and the gas was essentially 


Tlu* gas sample taken at the ut'w mouthpiece 
(Watermelon I O had two analyses The fir 
an.i’ys is 'ovealod nppt os imat e l y * ppm of 
un i Je * i i * i«- ’ hy »iiMi .ii bons which could contr 
butt* to an odor condition A second ana I y *■ 
i't the s dnv Water me Ion I * sample was tun t 
th Melt i i a I s Analysis Butnch KSC^ in an • 
to identity the hy !uK.nl*a with hopes of 
isolating susp.vt mate ills This second , 
, rv ,Ml,o no ust't u I ini ot mat ion due to 
dilution ot the sample and time span since 
■,ar.p 1 1 w j « f a^ •*'’ 
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Item § (& ( cont 1 d^ 


A summary of previous analyses, including 
earlier manned altitude testing samples, 
revealed no significant information to 
identify any "buttermilk odor". 

No particular suspect item was identified as 
emitting a "buttermilk odcr M although some of 
the RTV potting compounds have unique, pungent 
odors that probably come closest to fitting 
this odor description. These materials are 
RTV '•* \ ‘m’V, and i*V which have been used in 
the spacecraft. 

Hone of the reports of dors discloses any area 
of suspicion relating to the origin of the odor. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


AHOU.Q ?04 REVIEW BOARD 


M»irch l : » . ‘ 


integration ANALYSIS summary 


System Att octo-i ' 


Stabilization nnJ Control Subsystem 


Ob so rvvU ton: 


SCS Ydw fCA lom.Oe Comuvtor J 11 hnJ Blackened 
Are ,is 


Discuss ton otn 
Ana lys i s : 


Spaces- rat t connector J» which attached to Yaw 
CCA mat i no connector had blackened area* 

around the receptacles for pins " > and o. 

which appeared to have resulted I roni arcing. 

None ol these pins saw voltage at the tune of the 
dec I dent . 

Connector J > ■ has been closely examined and the 
receptacles sluxv to be pertectly clean with no 
indieJtions o\ soot. 

Mating connector PC' ' has teen closely examined 
and the interior around the pins shows to be per 
u-ctly clean with no indications of soot, arc ng 
burned spots or degradation of the rubber humidity 
seal 

The hi-.toiy ol connector J> was investigated and 
it w.u. lound (hit the sect ion which appears to he 
blvkened had been chipped and potted prior to the 
tin. This potting was done only to continue the 
hunidity seal ana was not regu i red e le>c t r led lly . 

It h.s been dete, -lined that the potting compound 

‘‘..a .;,, ctor J-. been heated and discolored 

during the tire, thus appearing to hose been the 
result ol an .uciag .audition Two .. Other pins 
In li. Ite I hot spots around the receptacles lose 

pins . .vis* which are both spares *\nA see 

tU ' wol t .VP‘ 

The suso. t-d collector had nothing to do with the 
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national aeronautics and space administration 

APOLLO 20< REVIEW 50AR0 


in *fpi y * t » to 


February 23 , 19^7 


INTEGRATION ANALYSIS SUMMARY 
System Affected : Stabiizat ion & Control Subsystem 


Item £60 
TPS N/A 


Observation: 


Plus roll output observed at 2331*^-5 to 2331:15-0 
GMT 


Discussion and 
Analysis : 


A plus roll output was indicated at 2331* 1^-5 to 
2331:15-0 GMT. A special test was conducted at 
MSC which showed that the rotation controller 
will give an output when hit even though the 
handle is pinned and locked. The handle was 
found pinned and locked, and the date therefore 
indicates a physical blew to the controller by 
one of the crew members. 
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NATIONAL AERONAUTICS and SPACE ADMINISTRATION 

APOLLO ?04 REVIEW BOARD 


iRIP.t RC ' I ** *v' 


March l'*'? 


INTEGRATION ANALYSES SUMMARY 


System Affected: Electrical Power Subsystem 


I tem 

TPS N/A 


Observat Ion : 

Discussion and 
Andys Is: 


Gassing characteristics of the pyrotechnic batteries 

The battery complement in the contend module con- 
sists of three entry batteries and two py . otechn i c 
batteries. The entry batteries have t e r nd 
vtdual vents manifolded to an overb f ^ 
while the pyrotechnic batteries vent into the 
cabin through their relief valves (cracking pres- 
sure set at ps i ) ■ 

« A-Aitminirv tost has been conducted utilizing 
twc/pyro batterlel one at normal roan temperatures 
and one at Pressure Increase data In 

cated only a two P s! rise during a sixteen (!•>) 
day. period on the battery at room- temperature _ The 
pressure Increase on the battery at- l^+-°F had an 
estimated worst case rise of approximately PI pse 
(This pressure Increase had to be est ma e 
an i nst rumentat4on malfunction during the first .4 
hours of the test. I Based on the fove pressure^ 
increase and adding to pat to simulate f "<}* : con 
ditions (1 ■ psla ground level to h psia «n orbit). 
onW The b.n“ery at lO^F would have vented 

Post test inspection of S/C OIP batteries shoved 
\Zl „ ere electrically functional and there was no 
to !.«» th. -«l.t«~o W *" 
electrical defect, arcing, or self-provided hot 
Spots. 
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I tern ( cont * d) 


2 


As the cabin temperature in Spacecraft 01? during 
the conduct of OCP-K-0021-1 was normal throughout 
the test until the fire, it is concluded that the 
pyrotechnic batteries relief valve did not relieve 
and therefore did not cause the incident. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 704 REYlC* BOARD 


March 1 , 1^7 


INTEGRATION ANALYS1 $ SUMMARY 


vstem Affected * 


Crew Station 


Observat ion: 


Discussion and 
Analysis: 


Moderate increase. in the Senior Pilot's heart rate 
at 2330:22 GMT followed .by a high increase rate 
starting at 2331:0^ CUT 

At 2330:22 GMT there was some change in the ^»P' ra * 
tlon pattern and a moderate increase m heart a 
respiratory rates. These data are cons stent with 
some increase in the Senior Pilot t . > act v.ty Jjt 
do not indicate the degree of activity that woui 
be expected had the Senior Pilot been aware of an 
emergency situation. At 2330:50 to 2330:55 GMT 
thts 9 data had started returning toward baseline 
levels. 

At 2331:04 GMT there was a marked change in the 
Senior Pilot's respiration and heart rate- There 
was also evidence of muscle activity In the EKG 
trace and evidence of motion In the phonocardiogram. 
The heart rate continued to climb unt .-_ oat tKi e 
signal. This physiological response Is compatible . 
with the realization of an emergency situation. 

The data obtained from the on-board MOAS tape cor- 
relates with the above. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW EOARD 



ih ftfPivREfts >o April 1, 19 h T 


integration analysis summary 


System Affected : 


Observat ion: 


Electrical Power System and 
Scientific Equipment 


Item m 

TPS V 16-001 -09 3( MSC) 
CM-CA-O T^ 


Shorting in the MDAS octopus cable and 
connectors. 


Discussion and 
Analys is: 


Short circuits were found oa the octopus 
cable near connector J 18s. The wiring 
to this connector provides power and bio- 
medical instrumentation signals to the 
Medical Data Acquisition System (MDAS). 

This cable was subjected directly to the 
f.lame within the command module and therefore 
,was badly burned. The power circuit breakers 
were found open after the fire, however, the 
MDAS was still operating until cabin rupture. 
The shorted condition on the octopus cable 
was between the J 185 connector and the MDAS 
recorder. The DC wires were also shorted 
near the left end of the gas chromatograph . 
compartment floor. The shorting on the 
octopus cable was found to.be superficial 
and a result of the fire. 
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N RfPi Y REFER TO 

Systems Affected: 

Qbservat ion : 

Discussion and 
Analysis : 


national aeronautics and space administration 

APOLLO 204 REVIEW BOARD 


March 7, l9 n 7 


INTEGRATION ANALYSIS SUMMARY 
Crew Biomedical - Comnuni cat ions 


Item #86 
TPS N/A 


Astronaut shocked during S/C 101 £rgw 
Compartment Fit and Functional (C F ) 


Tbe^subject short circuit experienced in S/C 101 
u F at Downey occurred within the crewman's 
biomedical communications torso harness rather 
than the cobra cable assembly.^ This failure 
occurred because of the following conditions. 

1. The torso harness used was of Block I 
configuration and was in poor condition 
due to previous usage. 

2, The electrical wiring of the Block I 
harness was not. compat ible with the 
Block 11 biomedical conditioners used. 
Although. the two systems (harness and 
signal conditioners) will operate proper- 
ly, a short such as the one which occur- 
red will cause the 16.8 VDC biomed power 
to be routed to. the chest ground electrode 
on the crewman. 

3 . The condition of the harness caused a 
shield to short 16.8 VDC pwer due to a 
break in the shield wiring and the 
ribbon encasing the wiring. 

If the same short had occurred in the S/C 012 
configuration, the voltage could not have been 
transferred to the crewman's chest electrode due 
to these shields not being carried through the 
harness and signal conditioners on Block 1 hard- 
ware. The only shields on Block 1 hardware Bja 
floating at the DC-DC converter signal conditioner 
inputs (16.8 VDC power). 
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i* r fte r t ft to 


NATION At AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO 204 REVIEW BOARD 


April 1, 1967 


INTEGRATION ANALYSIS SUMMARY 


System Affected: Environmental Control Subsystem 


Item #90 
TPS N/A 


Observation : 


Discussion and 
Analysts : 


Suit flow Indication at low limit for Comnand Pilot 
from 2331:18.5 GMT through loss of signal (LOS) 
Senior Pilot from 2331: lo. 5 GMT through LOS, and 
Pilot from 2331:19-6 GMT through LOS 


Initial review of suit flow PCM data Indicated that 
the final suit flow for the crew members dropped to 
the lower limit at 2331:18.5 GMT and 2331:19-6 GMT. 

Further review of the data has revealed that a LOS 
occurred from 2331: IT- 4 to 2331:18.4 and that actually 
all the crew suit flc**$ dropped to the lower limit 
starting at 2331:16.2 GMT. All suit flows remained at 
these lower readings .until total loss of all S/C 
communication data. Information concerning crew suit 
flow Indications from 2331:12-9 GMT to 2331:16.2 GMT Is 
contained In Lntegrat ion. Analys Is Summary. I terns #27 and 38. 

S/C telemetry data and analytical analysts has determined 
that the cabin to ECS. suit loop differential pressure had 
Increased to 2 psld. This was caused by extremely rapid 

233* ?6 2 'gmT^ P CabIn pres$ure between 2331:12.4 GMT and 

The high differential pressure between the cabin and the 
suit loop caused the Command Pilot's and Pilot 1 * suit 
material to be forced against their bodies thereby 
stopping suit flow. 

The Senior Pilot's suit Inlet hose was found disconnected 
following the accident. (Refer to Integration Analysis 
Summary Items #25 and 102). The aforementioned differen- 
tial pressure caused cabin atmosphere to reverse the 
normal flow path and flow back Into the ECS suit loop via 





tem #90 (Coin'd) 


O 


the Senior Pilot's disconnected suit Inlet hose. 

The arresting of suit flow in the Command Pilot's 
and Pilot's suit and the reverse flow in the Senior 
Pilot's suit inlet hose caused the suit loop differ-, 
ential pressure (measurement CF 0148) to drop to 
zero and the suit compressor differential pressure 
(measurement CF0137) to drop to a low telemetry 
reading. 

The Suit loop differential pressure is measured from 
a point on the suit supply line above the suit flow 
limiters to a point on the suit return line above the 
suit compressor. Telemetry data Indicated a sharp 
rise In suit loop differential pressure starting at 
23:31-12.4 GMT until 23:31-15 GMT at which time the 
restricted suit flow caused the suit loop differential 
pressure to drop to zero. 

Based on the above It is concluded that the ECS system 
continued to operate In the abnormal environment and 
that the suit flow telemetry data is valid. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOllO ?Q4 REVIEW IOARD 


IN RfPi » Rtu« 10 

March 18. Ho? 


INTEGRATION ANALYSIS SUMMARY 


System Affected : Communlcat Ion Subsystem 


I tern jftn 

TPS N/A 


Obscrvat Ion : Command PI lot had a I ivc microphone 

Discussion and 

Ana I ys I s : The actual cause of the open microphone is not 

known at this time. Analysis was made of voice 
recordings taken during on-board t roubleshoot Ing 
by the crew and compared with schematic diagrams. 

This analysis has Isolated the cause to the push- 
to-talk (PTT) or keying line that runs between 
the Cobra Cable, translation controller. Command 
Pilot audio control panel and audio center 

I. The separate components have been checked 
for resistance to ground. All lines 
measured "open** which is correct. 

... The spacecraft wiring was checked and a 
V00 ohm resistance resistance was 
measured to ground. This WOO ohm 
resistance could account for the keyed 
microphone. However, this resistance 
could be a result of the fire damage to 
wire bundles. Later, when an attempt was 
made to locate the cause of the VOO ohm 
resistance, the measurement could not be. 
duplicated. The circuit now measures 
"open", which Is norma- 1 . 

The translation controller PTT button was 
pushed and released ten times. On the fifth 
try the button stuck down If the button had 
stuck during the S/C-M.' test the microphone 
would remain keyed. 
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I tem J'H 


Post Incident review of switch positions in 
Command Pilot’s audio control panel Indicate 
that all switches were In the positions capecteo 
When in this configuration current drawn by the 
kevlnq lino Is limited to .V ml II lamps at solts. 

Tests run with a cobra cable shew that no sparks were 
generated with volts and I 1 *' ml 1 1 i, sups. 

The cause of the live microphone has been attributes! 
to picking up a groun t somewhere in the Command Pilot 
PuSh-to-Talk circuit in the Spacecraft t. The spec. ,c 
source of the ground has not been establ shed. This 
malfunction, electrical In nature. Is- not cons de red 
to be a fire initiation source. This malfunction may. 
have contributed to the accident, by prompting the 
crew to be doing some activity to assist In clearing up 
the overall communlcat Ions problem. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


APOLLO 204 REVIEW BOARD 


April 1, 1967 


INTEGRATION analysis summary 


extern Affected: Environmental Control Sybsystem 


Item #9 *l 
TPS S/C- 1 16 
CM-CA-179 


Obscrvt ion: 


initial Investigation determined cabin 
air Fan No. I shorted 


Discussion and 
Analysis: 


The cabin air fan No. 1 circuit breaker* 
for AC phases A and C were found to be 
open after the accident- Also electrical 
tests of the fan In the spacecraft Indicate 
the shorted phases. Cabin atr Fan No. 2 
was found to be In satisfactory condition. 

Cabin Fans No. I and No. 2 are powered by 
AC bus 1 and AC bus 2, respectively. 

Twenty-two gauge wires are utilized, and 
each phase Is protected by a 2 «”p circuit 
breaker. The fans are located In the left 
hand forward equipment bay. 

Continuity tests of the cabin air Fan No. I 
after removal verified that all pin to pin and 
pin to ground readings at nominal values. The 
suspected shorts were determined by tests and 
Inspection to be In the poier on plug cable. 

Based. on the above it Is concluded that the 
cabin air Fan No. I did not contribute to the 
cause of the fire. This determination 1. based 
upon the lack of fire propagation material 
the area. The physical Inspection of the fan 
itself does not Indicate It to be the fire 
Initiation source. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD . 



IHUfPllStlfS * O 


April t. I'?''? 


INTEGRATION ANALYSIS SUNNARY 


Svstems Affected: Electrical Power Subsystem 

“ * Environmental Control Subsystem 


Item 

TPS N/A 


Observation: 


D i scuss i on and 
Analysis : 




Determine if the teflon wire insulation for the 
Environmental Control Unit harnesses and the gas 
chromatograph connector had been etched. 


All teflon insulated wiring Is required to be etched 
prior to potting. Pre-test records were reviewed of 
the gas chromatograph connector and Environmental 
Control Unit (ECU) harnesses to determine if they 
contained teflon wires and if the required etching 
had been accomplished. 

It was determined that etchirg of the gas chromatograph 
wires was accomplished. The ECU harness had the latest 
configuration harnesses which did not require etching. 


ENCLOSURE 18-53 
D- 18-269 



national aeronautics and space administration 


APOLUO 204 REVIEW ROARD 


March 14, 19^7 


integration analysis summary 


System Affected: Electrical P«er Subsystem 


Observation: 


l^l^eusalon and 
Analysis; 


Suit current limiter panel short to teleflex 
cable. 

An early Inspection report disclosed that the 
teleflex cable may have contacted and shorted 
the suit current limiter panel. Terminal board 
61 was then examined In more detail for evidence 
of shorting, and the 82556 ™ 8,,t 2T* ®°£- 

formal coating for overheating. Thts more de 
taHed examination dtsclosed that there was no 
actual contact between the teleflex cable and 
the terminal board, and that there was no evi- 
dence of shorting or overheating. 
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IN ^ EPl V HE F E * TO 

System Affected: 

Observation : 

Discussion and 
Analysis : 






'HP ’"M* 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW tOARO 


March 14, 196? 


INTEGRATION ANALYSIS SUMMARY 


Electrical Power Subsystem 


Item #9? 

TPS CM- IV- 149 


Panel 1 50 was not properly Installed, but 
lying loose in the Lower Equipment Bay (LEB) 


Spacecraft panel 1-50 was electrically mated but 
not physically installed for the conduct of 
0CP-K-0021. The panel was inspected as part of 
the spacecraft disassembly plan (Reference Board 
Action #0120). The inspection showed that the panel 
was exposed to high heat as evidenced by considerable 
sooting and burned wiring. The first three or four 
inches of wiring from the circuit breakers was .burned 
with exposed conductors on some of the smaller gage 
wires. The wiring beyond the proximity of the circuit 
breakers was in good condition, indicating the absence 
of any sustained overloads. Two wire lugs were bent 
slightly. There was no evidence of arcing anywhere 
on the panel or of any material outflow from the 
components. All physical damage appears to have been 
caused by the fire. TM data (battery voltages and 
currents) indicate nominal conditions with the battery 
system, of which Panel 150 is an integral part. There 
is, therefore, no evidence which Indicates that this 
panel was a fire cause or propagator. 
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NATIONAL AERONAUTICS ANO SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARO 


April 1, Mo r f 


INTEGRATION ANALYSIS SUMMARY 


Subsystem Affected: Commun icat ions Subsystems 


Observation: 


Discussion and 
Analysis: 


Examine cobra cable and pressure garment 
assembly connectors for arcing and condition 
of pins- 


The following cobra cables (Vlo*oOlc23) were in 
the spacecraft for QCP-K-C02t-l 


V 16*601623 


- 41 S/N 8238 Command Pi lot 

- 41 S/N 73^4 Senior Pilot 

- 51 S/N 7389 Pi lot 

- 51 S/N 0806 Stowed at start of test 

- 51 $/N C807 Stowed at start of test 


During the test cables S/N 080^ and 0807 were 
unstowed and one was used by the Command Pilot. 

After the accident one cable was in use at each crew 
position, one was between the Senior Pilot and Pilot’s 
couches, and one was on the Command Pilot's leg pan. 

The $/N's cannot be read. 

After the accident ,the condition of the cable connectors 
near the dust covers and lanyards was relatively the 
same aondition as the surrounding areas. Connector 
shells and pi s were not fused or otherwise distorted. 

A post test check of the cobra cable in use by the 
command pilot at the start of the test showed that 
all wiring was in accordance with the drawing and 
wire list. A microscope examination of the pins 
showed them to be pitted and corroded. 
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System Affected : 


Observation: 


Discussion and 
Ana 1 vs is : 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


April I, I9()7 


INTEGRATION ANALYSIS SUMMARY 


Biomed-Communi cat ions Suit Wiring Item #105 

TPS CM-CA-034 


Four shorted wires were found in the communications 
wiring between the Command Pilot's suit connector 
and the helmet communications connector. 


Four shorted wires were found in the communications 
wiring between the suit connector and the helmet 
communications connector. The wire insulation was 
discovered to be brittle, discolored and cracked. 

The wires were identified as microphone signal, 
microphone signal return, earphone signal and 
earphone return. Enclosures 18-48 and 18-49 
illustrate the shorted condition of the wires. 

An intermittent condition was also noted in the 16.8 
voit DC biomed power wire in the torso harness 
between the suit connector and the biomed connector. 
This condition is considered to be not relevant to 
the cause of the accident, in that no biomed pcwer 
was being supplied to the Command Pilot's suit. 

The vendors of the torso harness materials have 
provided the following information: 

(a) The nylon sock around the ribbon cable melts at 
U80 degrees Fahrenheit. 

(b) The silicone, of which the ribbon is made, melts 
at *y:0 degrees Fahrenheit. 

(c) The mi lene insulation around the wires cracks at 
4RC degrees Fahrenheit and melts at 480 degrees 
Fahrenhe i t . 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
APOLLO 204 REVIEW BOARD 


>K RfPl > Rf‘(« » v 


Apr i 1 I , I 


INTEGRATION ANALYSIS SUMMARY 


System Affected: Electrical Power Subsystem & ECS 


Item #lO 
TPS CM- l V-^‘ >£ 


Observation: DC wiring for environmental system instrumentation 

~~ burned through 


Qiscussion and 
Ana lys i s : 


The one suspect is wiring providing instrumentation 
power for some Environmental Control System instru- 
mentation. This wiring contains both DC bus A and 
DC. bus B power, and is located on the Command Pilot 
side of the Command Module in the vlctnty of the* 
Environmental Control Unit and the Lithium Hydroxide 
Units., 

A momentary short could occur in any of four DC bus 
B or four DC bus A power wires in this wiring. A 
short would not .affect the equipment being powered 
by these wires, and would not be reflected in any 
of seven measurement outputs of transducers being, 
proviJed power because of diode isolation of re- 
dundant power for each equipment- 

Tests have shown that a short in any of the four 
DC bus B wires could cause a drop in DC bus B 
voltage to a low enough level to cause an interruption 
to inverter 2. Sufficient current could be drawn 
through any of the eight wires to create an arc of 
sufficient energy which could ignite debris netting 
in the immediate vicinity of the wiring. 
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KNn.OSURE l8-54a 



POWER SOURCES 
A. Internal 

There are two 

power =o^ained i th^ comand module _ an d the 
o?heJ is“hl fuel cells in the service module. 

The entry batteries P r °J^ d ® ^ g£ ^when the command, 
and landing period of- the lce module, 

module has s«P ara ‘ e „ f ‘°" “ the other power 
louLefaf Umefwhen heavy loads are switched on. 

The fuel cells are the ? dd ““£af t^They provide 
internal power fo most of the mission, 

the main DC power dur ’: n ^ + i „ a simulator is used 
For much °t th6 1 ^ oun ^f Emulator is composed 
for the fuel ce lls : . ^ connected to the fuel 

of battery packs * vice modul e by test cables. 

I t^simulate^the internal power of the fuel cells. 

in addition, there ^e two pyro^circuit^atteries 

in the command m °£ al ! ec ? aft . These batteries 
pyro devices in the ^pacecra the ma in 

|^17b= T£ife switch, provided 

^rfbus 1 indent It pyro battery loss. 

B. External 

In addition to , 

above, the spacecraft Service module launch umbilical. 

ron^iSSil^ the final minutes 

of the count down. 


SPACECRAFT DC POWER SEQUENTIAL HISTORY 


The spacecraft wa ® d P pQ®e® d S upply co^ected^^the space- 

rr:« US via 6 the e r u n nch P °uriU: P al In the normal external 

operating mode. ENCLOSURE 18-54A 
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The system for transfer from the ground power supply 
to the spacecraft fuel cell power supply was tested 
and operated normally to internal and back to external 
power at 0938 EST (1438 GMT). Activation and operation 
of the fuel cells was not a part of this test. A 
battery pack simulating fuel cells was used in their 
place . 

Fuel cells are not normally used in ground testing 
because of their limited life. From a DC power point 
of view, no differences in functions could be expected 
because, of this. . 

Following the power transfer test, the spacecraft . 
operations were continuted using external power. 

At 2331:12. 4GMT and 2331 : 13 . 6GMT' the command module 
internal power entry batteries were applied to the 
command module main DC busses B & A respectively. 

The batteries were then in parallel with the ground 
power input in a configuration similar to the normal 
flight situation where the batteries supplement the 
fuel cells. Refer to the attached diagram. Command 
module pressure and temperature instrumentation had 
previously indicated the presence of the fire. 

At 2332 :46.4GMT DC ground power was switched off. 

Various command module systems continued to operate 
on entry battery power until about 0530GMT (12:30 am EST) 
on Saturday, when the batteries ran down. Later 
detailed examination of. the spacecraft interior showed 
the entry battery switches on the control panel in the 
"on" position. . 

I. VERIFICATION OF POWER SEQUENCE 

Referring to the diagram, the basic power switching 
was as follows: 

Switch "A" 


Closed at approximately 10 sec after the crew report 
of fire. This is verified by an analysis of entry 
battery and GSE supply voltage and current measure- 
ments CC0206V , CC0207V , CC0210V, CC0211V, CC0212V, 
CC0222C, CC0223C , CC0224C, GC5025C, and GC5029C. 

Post inspection verified the switch to be in the 
Closed position. 
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Switch "B" 


[ v Closed at approximately one hour prior to the crew 

report of fire (2234 :32GMT) . This is normal procedure. 

k 

Switch "C" 

1 Open since the power transfer test performed about 

9 hours earlier. Verified by fuel cell current 
measurements SC2113C, SC2114C, and SC2115C. 

» 

\ Switch ”D" 

Closed until approximately minutes after the crew 
report of fire (2332 :46.4GMT) . This was determined 
by verification of measurement SC2410X. 

Switch "E" 

Open throughout the test. This switch would only 
be closed in the event of a pyro battery loss. Post 
inspection verified the switch to be in the open 
position . 
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CLOSED 10 SEC 
AFTER FIRE CALL- 


1 COMMAND MODULE 


(SPACECRAFT 

(LOADS 


-BUS TIE SWITCH OPEN 


ENTRY 

BATTS 


MAIN I BUS 

40 o o4" 


PYRO 


TIpyro 

BATTS 

— 

B 



SERVICE MODULE 


/ GSE-SC 
/ BUS “1 
DISCONNECT I LAUNCH 

I UMBILICAL 


GROUND. 

POWER 

SUPPLY 


FUEL CELL 

DISCONNECT 

SWITCH 


INACTIVE 
FUEL CELLS 


BATTERIES 
SIMULATE 
FUEL CELLS 


-DISCONNECTED 


CONFIGURATION OF SWITCHES 
AT TIME OF FIRE CALL 
(SIMPLIFIED FOR CLARIFICATION) 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO ?04 RfVtfW tOARO 


February 23. 1967 


TO: Panel 18 

FROM. Panel l 

SUBJECT: SC 012 Electrical Configuration 

(Action Item No. 43) 


l At the time of the incident. SC 012 SM jettison contiollci 
batteries were installed and electrically connected to the 
XOO-OC4 circuit breaker box. The two circuit breakers (AfcB) 

o>nt roll or ; t so 1 1 . 

The tol low inn "Q” ball power from the IV stage was turned 
on at T- lo minutes and remained on through the incident. 

a. •Q" ball power ( . 28VDC) - from IU bus 6D21 . 

b. ball power (»28VDC) - from IU bus BD41 . 

■\ The tol lowing "4" ball heater power from the IU st “K° 
turned on at T-43 minutes and remained on through the incident. 

a. "y" ball heater power (115VAC, <>0 cycle). 

I Power ( 28VDC) at. the time of the incident was vnf^nNS* 1 
Jo th. ECS glycol shut-off valve in the- SM through the YOO-OB5 
rablr from a Harrison lab powrr «upply- 

through the IU umbilical to the spacecraft. 

«c ,nn h.tterv relay bus power at the time of the Incident 
was fod from USE powrr supplies *3 and #4 (bus A 
ptswor supplies) 
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7. Other power derived front the IU stage: 


a. 6D110 (+28VDC) used to supervise EDS safe A and B in SC. 


t>D91 (+28VDC) used for EDS and is supplied from IU bus 6D11. 

c. 6D92 (+28VDC) used for EDS and is supptied from IU bus 6D31. 

d. 6D93 (+28VDC) used ior EDS and is supplied from IU. bus 6D41. 

o. Plug supervision bus (+28VDC) supplied by an isolated 

supply and is used to supervise the mating connectors 
at the SLA / IU interface (confidence loopl . 


NOTE: All the above buses were turned on prior to and 

were on at the time of the incident. 


Jesse F. Goree 
Chairman, Panel 1 
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SUMMARY OF ECS 


POTENTIAL INITIATION THEORIES 


ECS-l WMS Blower a«.an Ignition Source 


Closed 


ECS-2 Water Glycol Pumps as an I gn it ion .Source 


Closed 


ECS -3 Suit Compressor (s ) as an Ignition Source 


Closed 


KCS -4 Cabin Kan(s) as an Ignition Source 


Closed 


ECS-5 Sponge Material in Waste Management Urine 
Disposal Lock 


Closed 


ECS-6 Odor in LEB on 1 '25 / 67 Reported by Technician 
Changing Flight Qua! Recorder Tapes 


Closed 


ECS-7 Glycol Evaporator Temp Sensor as an Ignition Source Closed 

ECS-8 Suit & Glycol. Heat Exchangers' "Sponge" Material Closed 
as an Ignition Source 


KCS-9 LiOH Absorber Element (s) as Ignition Source 


Closed 


ECS- 10 Plumbing Line Appears ’’Eaten” through 


Closed 


ECS- 11 Heaters within ECS 


Closed 


ECS- 12 Water Glycol Sample Analyses to Determine Contents Closed 
ECS- 13 Crushed "Red Wire" at LiOH Divertor Valve Handle Closed 


ECS-H Oo Measurement Sensor 


Tot a 1 


Closed 
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POTENT l Al. INITIATION THEORIES EVALUATION gMKKT ECS-1 


SUBJECT WMS Blower as an Ignition Source 


SYSTEM OR COMPONENT Waste Management (ECS) 


lii XI *r ION SOURCE AND PROPAGATION AC short cau sin g Ins ul ation burning, _ 


SUPPORTING FACTORS Difficulty during Spacecraft 008 tests. 


NEGATIVE FACTORS Blower not operated during test. Switch "OFF" per 


sw i tc h list and foun d ,, OFF ,> fo l lowing ac c i dent 


CONCLUSION WMS Blower removed and visually i nspe cted. Minor sooting 

not ed on blower ou tlet. No evidence of arc ing. Blower to be analyzed 

p er TPS SC0 12-CM-CA-242 in MAB. Analysis complete, WMS Blower recl as sifie d 

as nnn-t ni tlataiu — — - — — - — — - — - . — . 


3-22-67 STV.TN Non-initiator 
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. vn \ 1 . initi ation theo ry 


JS EVALUATlOS_SHThT ECS-2 


SVB-1KCT 


Water Glycol Pumps^a 


s an Ignition Source_ 


SYSTEM OR COMPONENT 


U.MTION 


SOCKCl AM' 1>K0PM; 


„ ic over load due t°_ 
, AT ION AC shor t y _ — 


friction i^nit iosj?? . - 


water K lycoW>r^ulaUo^ 


Sl’PPOR' 


T IV, V ACTORS onlastjest 


of spa cecraft OO S^phas. 


B and C of 


.koMC to 


had a cracked_oap_and_ 


B lycol in vhe motor - 


negative factors on 


irlvcol subsyste 
at a on «atcr_Riyco»_ 


M , CFOOlS^CFOOl^CFOOl^ 


CFO 550 


, CFO 549 , CFO 4 81 . CF04 82, 


CF0483. CF0484^__o|^_ ^SE^^asurea>®^f_^2. 


not support the sublet as 1JHS2, ^ 

Inconel on 012 

* " " ‘ " and atsassernbly^ X&J22L22- 

COSCU SION _ Inspec^iojl an - , 

non-JJliA>A t L° r - . - - — : "T ' . .. ~ 


,n.rx« used on 008, 
0 piast ic^^ump_ ca P_ „ 


DATE 3.21-67 


slAH, Non-lnUiator 


Closed. 
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ECS -2 


TPS SC012-CM-CA-12 1 W, G pump* inspection and disassembly 
has been worked in sufficient depth to enable subject pumpi to be 
reclassified as a non-initiator. Electrical insulation 
resistance and pin to pin resistance values all were within 
reasonable limits. Internally the unit was clean. Removal 
of the motor housing enabled verification of the existence 
of an inconel bearing housing on both pumps, and also 
enables verification of the dry condition of the external 
area thereto. 

(This preceding constitutes an interim summary to 
TPS SC012-CM-CA-121 ) 


Rev. 3-22-67 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


POTENTIAL INITIATION THEORIES EVALUATION SlEE'I ECS-3 


SUBJECT Suit Compressor (s) as an Ignition Source 


SYSTEM OR . COMPONENT ECS 


.ION SOURCE AND PROPAGATION AC short or bearing overheat due to friction, 


consequently electrical overload 



NEGATIVE FACTORS Suit measurements CF0184T and CF1033T do not support the 


suit compressors as an irnition source. 



HATE : 3-2 1 -67 


STATUS : N o_n-.j nit l a tor - Closg_d_» 
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SHEET ECS -4 


Sl'PPORT FACTORS jC^hort in cabin air fan # 1 s^lj^j vJ^in^ (1) __ 

Cabin .air _f ans_#l and #2 .motor froze n as f ound d uring TPS J3 CO 12 - CM-CA-I78 

and , (2) .Motor .of J fan^_fj^and..#2_frozen .Jo st ator duo to melted 

epQXy_iisect _to _.coa t ,sta£or^ 

SUiATl VK factors to shgns i« cabin fan s. Wiring to cabi n fan w as 
found to .have insulatiqnburned off , but dJ.dnot show evidence of arcing. 


u)\tl.rsio\ Visual examination 


J12 £^dcnco_of combustion . 


Units are classified as non-initiators. 


I) \Ti 3-2?-tf7 


\ t i Non. in it iatot 


Cl used . 
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POTENTIAL. INITIATION 


THEORIES EVALUATION SHEET ECS-5 


SUBJECT ssonse Material in -W aste Mana K ement.JJrlne. 
Disposal Lock 

SYSTEM OR COMPONENT Waste Management pispogal 


IGNITION SOURCE AS1) PHOPAC.AT1QN Low auto 1 g n it ion_££ tnt_°£ _S£onge 
Approx . 240 ° _Fj - — ' ~ 


material ^ 


SUPPORTING VAUTOKS 


NKoA^IVE factors 


F U SION Removed disposal. 1 »<• k _ls_ ^> 1 ^ <I'J U-»-"SL - 
typ . _app.rently.from soot sotuUn^, Visual . infectio n rcvonls ^ o ^pparent.. 


burn 1 ng trom with In, UDI. h 


a s boon dj. s assemb lob, sponfco.nin.t or la 1 _ is_ 


undamaged and U UL has boon .t 
SCO 1 2 -CM-CA -2 -1 5 . 

3-21-67 SI Alls 


>on classified. aw a n o n - in it i a toX, — Be) , TPS 


Non -_L!1 A t 1 a Lor - .C lojjod 
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POTENTIAL INITIATION THEORIES 1 VALUATION SHEET 


ECS-6 


SGBJ ECT Odor in LEB on 1/25/67 Reported by Technician 
Changing Flight Qual Recorder Tapes 
SYSTEM OR COMPONENT Unknown (Assigned to ECS) 

IGNITION SOURCE AND PROPAGATION Spark igniting volatile. Q ? + odor 

mixture or spontaneous, 


SUPPORTING FACTORS None. 


NEGATIVE FACTORS The technician was interviewed and he reported that the 

odor similar to ether was detected two day s prior to the accident. 

No reports of an odor similar to other were m ade during the test on 

_1 Z2 6/67 or the day of the accident. A report of MEK (Methyl Ethyl Keton e 

cleaning solvent) was made on the day oi the accident at the overboard 
vent . 

CONCLUSION No substantiating evidence by physical evidence. Cleaning 

solvents could b e an initial combustible substance; h ouever. they 

wou 1 d require an init iator. 

nvn 3-27-67 Non- ini t in tor - Closed. 
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ORIGINAL PAGE IS 
Qf POOR QUALITY 


pot i v i /.i. i * * tt A**' i M v ' i '*;oh r i* kvaujat'on sim-.'t ECS-7 

* iijium T Glycol^ Eyaporator Temp Sensor as an Ignition 

"Source - ‘ ‘ ~ * 

‘■•YSTKM OH COMPONENT^ ECS (Item 2.49) 

IGNITION SOURCE And * >r ’OI’AG V’MON _^_short_- a £ c L» ign it ing evaporator kicking. 


SUPPORTING FACTORS None 


NEGATIVE FACTORS Conflagra tion in this area should cause CF0018 to rise. 

CF0018 did not rise until very late after fire crew call of fire. 



CONCLUSION Sensor has been investigated per TPS SC012-CM-CA-1 1 6 . Resis tance check 

is ok and sensor has been determined a non-ini t iat ion. TPSSC012-CM-CA-115 
i nvest iga Led evaporator wicking and _the sponge material is unburned, and 

.damp frog c ondensation. Pressure test of evaporator was good. Interim 

summaries to these TPS's are written. 

3-2X-67. . vr ‘ Non-Initiator . Closed 
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\ , P I. i \ i * i \T ION THEORIES EVALUATION bllhl-.T ECS-8 


M'lUKCT Suit & Glycol Heat Exchangers* Sponge 
Material as on Ignition Source 


SYSTEM OR COMPONENT 


JSCS 


l‘»\lllo\ >oi i:m \ni> PROPAGATION Spontaneous - sponge materia l a nd 


glycol and/or oxygen. 


MPPOHllV, lAlTOKS 





\ i \ h i- utors 


( < )\i i.i Mon 


Glycol evaporator sponge material undamaged, damp from 


condensation only, classii ied^ as non-ini_t iator . Suit heat exchanger 
visually ok, pressure decay performed, no decay in ten minutes. X-rays 
taken. 


Non-initiator 


Closed . 
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OF'^NAL PAGE IS 
CF >\S'R QUALITY 

potia: ial i \ i riATios jnGKoiur.s i.vAi.uATi * a s.n. ;r ecs-9 

SUBJECT l IOH A bsorber Elem ent (s ) a s Ignition Sourc e 

SYSTEM OR COMPONENT KCS_ 

IGNITION SOURCE AND PROPAGATION Heat plu s v olatile ga ses (methan e) retain ed 

by absorber el emen ts. _ 


SUPPORTI NG FACTORS 


V* FACTORS CF0184T, Absorber outlet temperature d id not rise until very 
late after crew call of fire. 


»\i ^ . w.v Analyze remains_of LIOH absorbers. ^Absorber elements - to be 

investigated locally per TPS SC 012 -CM-CA-213 and 214, These elements 
are considered low proha hi 1 it y i_nivia tors . ^ 

, » . 3-21-67 M ‘ rrs Von-init la tor* - Closed __ 
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ECS-10 


POTENT 1 A L IN IT I AT. OS' VliKQR.I .S -.VA^tATI A S li . . * 

SUBJECT Plumbing Line Appears ‘’EATEN” Through 
SYSTEM OR COMPONENT Within ECU 


toN IT ION SOURCE AND PROPAGATION 



'F FACTORS Line is "Burned* through and Is in area of Intense heat. 
Line previously thought to be elsewhere, 


MOV ‘•Lin e" is on aluminum W/G line not as sociated wit h electrical 

connect ion. or interface, Th e fact tha_t__i_t is open in, n o way can be 

considered an initiation source. This item closed^ as it is an effect 

not a cai*5r. . ... . _ . 

.1-2 t -H7 * M :*» Non-initiator - closed. 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET 


ECS-U 


SUBJECT Heaters Within ECS 

SYSTEM OR COMPONENT ^ ECS (General) 

IGNITION SOURCE AM) PROPAGATION Electrical spark, material unknown. 


SUPPORTING FACTORS Nano 


NEGATIVE FACTORS Three ECS heaters (potable H^O , steam duct, and urine 
dump ) w ere al l d o-energi/ed for this QCP (K-0021), Circuit Breakers for steam 
duct and urine dump wore open per switch list, and found .open alter fire. _ 

Steam duct and ur ine dump heaters are external to pressure vessel. 

CONCLUSION No visual evidence found on urine dump or steam heaters to 

supp ort initiati on theory. Potable H 9 0 assembly was investigated per TPS SC012 

CM-CA-220 and revealed connector pins wore corroded but no signs of arcing, 
thing abnormal was found upon examination of X-Rays. No evidence was found 

that would indicate the assembly was a potential initiator. 

DATE 3-27-67 STATUS. Non- initiator - Closed 



ENCLOSURE 18-55 
D- 18-301 





po; n .vn\i. i \ rn a t ion theories evaluat ion siiKrr ecs.12 

isi mhcr Water Glycol Anal yses to Determine Contents 
SYSTEM OR COMPONENT ECS 

IGNITION SOl IK i; AN1.) PROPAGATION Wate r Gl ycol 


SUPPORT I \Ci FACTORS 



NEGATIVE FACTORS 


CONCLUSION TPS # SC012-CM-MA-004 written to p erform sample analyses of 
Wa l e JL Gly col obtaine d fro m var ious sources in the S/C. W/G in itself can not 
be construe d as an Initiati on source, but cer tainly a propagator or fuel 

for- f i r r . .. The W/CL .fluid is. thgx.gforc. c.l.a ss l fled as. non-init iatpr. _ 

L)ATK. 3-21-67 > . Vi ; Non-Initiator - Closed 
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0&K5KML PAGE IS 
Cf POOR QUALITY 


i*> > Ti s . i * i i \ i f I AT ION THKOK I K 


NS 1.VA1.1 AT I ON MII.I.T ECS- 13 


M ,,JKtT Crushed " Red Wlrg " at LlOH Diverter Valv 

Handle ~ 

SYSTEM OR COMPONENT P 


hAi rius .soriivi. \\d ptfoPAc;; 


M'PPOiilIV, 1 At TOKS 


M-.(i \T I VE TUTORS Item 


- mentioned Is not a "Red Wlr^'v _ i t ^is the nylon 


braided cloth handle used to r emove th e LlOH ^artrj H e » 


lost I.i SION This tern considered closed. 


•Vi i 3-21-67 


Non-initiate 


Closed 
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POriATI \1. INITIATI ON THKOHIKS hV.AlX’AT lON SMELT EC$-14 

SUUI-XT Flow Rate Sen sor 

SYSTEM OR COMPONENT ECS 

ICAITION SOUiCK AM) PROPAGATION Comp onent DC s hort, burni ng wire and 
£rop a gating therefrom. _ 


SIPP0R1 I Mi I* U 1 OHS Hi Qg flow indi cation. 


NKCjATIVK FACTORS Data analysis of CF0035, CF0036, CF0135, CF0136, and 
CF0137 indira t HI riomsnH r\ f n 



CONCM’SION See attached. 


WTK: 3-21-67 .'■TATIS. Non-initiator - Closed 

CFor associated wirine soe EPS-3) 
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ECS-14 0 2 Flow Rate Sensor: 


Crew movement and apparent . suit leakage has been 
correlated for 3 periods of Hi 0 2 flow with gimbal 
angle and biomed data. Fire periods of Hi O 2 flow 
have been definitely correlated with periods of 
great crew activity (Cobra cable for instance). 

The final Hi 0 2 flow has been correlated with gimbal 
angles and biomed data, and the conditions analyzed 
lead to the conclusion that the 0 2 flow transducer 
was giving valid data and that there was indeed a 
demand on the oxygen by the crew due to increased 
activity. The fact that a C&W signal was obtained 
from Hi 0 2 flow 15 seconds after CF0Q35Q reached 
saturation at 23:30:59.4 GMT substantiates the 
conclusion that the flow transducer did not fail and 
was giving valid data at the time of C&W stimulation 
at 23:31:15 GMT. 
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B. 


High Oxygen Flow Rate 


Telemetered data indicate that the high oxygen flow rate 
conditions for the last 30 seconds before the fire call can 
be attributed to the apparent high level of prime suit leakage 
at low su.it-to-cabin differential pressure, magnified by 
apparent crew activity. 

There has been considerable speculation as to whether the. high 
flow could be indicative of a sensor and/or associated wiring 
difficulty. 

The oxygen flow sensor circuit includes two separate outputs. 
The signal circuit going to the Pulse Code Modulation Telemetry 
System (PCM) is conducted to the PCM system through a twisted 
shielded pair of wires. A short circuit between the signal 
lead and either the return wire or the shield braid would 
cause a zero output (no flow) reading on the oxygen flow 
indication. It is highly improbable that any short circuit 
between the signal lead and a 28 volt DC supply lead could 
occur without a prior short circuiting to the ground lead or 
shield lead. 

The second output from the oxygen flow sensor circuit goes 
to a time delay relay to indicate high flow alarm. It is on 
the ground circuit return side of the relay. A ground circuit 
completion Is required to indicate high oxygen flow. This is 
supplied from the signal circuit going to PMC, and a ground 
on this line could not affect t e PCM flow rate indication. 
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Single failures could exist within the bridge circuitry 
controlling the flow sensor which would indicate high f.low 
rates on both the PCM output and the signal to the relay. 
These, however, will require examination of the oxygen 
flow sensor box to confirm or deny this possibility. A 
preliminary examination disclosed shorts to ground in the 
flow sensor: shorts to ground will produce a zero or no 
flow output indication. The flow sensor box is being torn 
down at the present time. It should also be noted that the 
location of the oxygen flow sensor was a high fire damage 
area, and that the sensor w^uld bo expected to be damaged 
by the fire. 

Based on the above, it is concluded that the high oxygen 
flow data indication was valid, and that there was no 
malfunction of the sensor and/or associated wiring prior 
to the fire call. 
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SUMMARY OF G&N 


POTENTIAL INITIATION THEORIES 


G&N-l Crew Member Motion Striking Electrical Component, Closed 
Such as Panel, Connector 

G&N-2 Eye Piece Stowage Unit , Heater Wire Routing G&N, Closed 
LEB, Optics Stowage &. Cond, Enunciator Panel 


G&N-3 PSA Tray Short Circuit 


Closed 


Closed 
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KNT1 M . INITIATION THEORIES EVALUATION SHEET G&N-l 

SUBJECT Crew Motion Striking Electrical Component 
Such as Panel, Connector, Etc. 

SYSTEM OR COMPONENT Unknown 


IGNITION SOURCE AND PROPAGATION Electrical short circu i t - many potential . 


fuel sources. 


SUPPORTING FACTORS IMU gimbal T/M voltages C G2140 and 2170 reflect — 
vehicle motion at 23:30:54.9 co incident with AC-2 Glitch and Qas _ 



CONCLUSION 


N Crew activity data are being utilized as supporting data In 


the eva 


luation of event time line. May be the cause of Initiation. — Physlcal _ 


evidence of arcing or wire damage is reported on specific ltews : 
reference ppS-9 EPS -3. EPS-14. EPS-22^_EPS-26 x 00MM-1 J 


DATE- 3-21-67 


STATUS. Non-lnitlator 


Closed 
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POTENTIAL INITIATION THEORIES EVALUATION SHE ET C&N-2 

SUBJECT Ey e Piece Stowage Unit, Heater Wire Routing 
SYSTEM OR COMPONENT Optics Heaters or Heater Wires 

IGNITION SOURCE AND PROPAGATION Possible failure of heater thermostat ^ 

short in heaters or wiring , initial fuel ESU Royal ite cover, d ecal &. foam 

or failure related- to enunciato_r lights^_ 


SUPPORTING FACTORS ( \ ) Materials are combustible with a. propagation rate 

t h an 2 . 5 inch/second from flammability t est results. (2) — ?CT . — P I S ££ , — - 

cover found on C/M floor. (3) Scratches on Optics shroud, (A) Exe 

piece heater blanket and storage area d amage. L5J — QW Verb code deca lfi 

were added to S/C configuration the morning of the incident. 

(6j> Condition enunc ia tor _gimbal _ lock 1 ite_ reads 3 ohm^ , 

NEGATIVE FACTORS Eye piece heaters and thermostats checked ok . with no 

Propagation path. 

Condition enunciator gimbal lock lite resistance value 
was verified to be nominal. 

SCT eye piece cover may have been attached to Velcro by spit 
prior to incident. The cover dropped from Velcro after fire started. 
CONCLUSION Close this item an initiator Nft S QUrc .fi. Of ignit i on f -QuId 

ho found in the electri c al wiring or heaters and ligEU-S . 


DATE. 


3-23-67 


STATUS : Non-initiator 


Closed 
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SUMMARY OF SCS, SKQ, £ RCS 


POTENTIAL INITIATION THEORIES 


SCS-1 Rotation Control Electrical Short 
SCS-2 Translation Control Electrical Short 
SCS -3 BMACi Power Switch Panel *24 Short 


Closed 

Closed 

Closed 


Tota l 

3 


Closed 

3 


SEQ-1 Pan-1 10 and 11 Component Failure 


Closed 


Total 

1 


Closed 

1 


RCS-1 Panel 12 RCS C/M-S/M Indicator Switch Failure Closed 


Total 

1 


Closed 

1 
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POTENTIAL INITIATION' THEORIES K VALUATION SHEET 


SCS-l 


SUBJECT Rotation Control Electrical Short 


SYSTEM OR COMPONENT SCS 


K.NITION SOURCE AND PROPAGATION 


Electrical short. 


SUPPORTING FACTORS Case was warped and the cable was badly burned 


n^at. t fro rotation control, 



V Fu AT l V E F A CT< ) R S Data review, continuity check, visual and physical 

exami nation of the rotation control and associated firing show no anomalies^ 
a g a Jlrc^c^u.sc^ Re f- TPS PIB-004, 007; CM-1V-077 


LONG LI'S I ON No e vide nce has been found from hardware or data e xt a 1 nation 
t txa J wpuXi J n .d t cate this co mponen t or 1 ts as sociat ed w Ir ln^ was a cauae or 
p ropaga tor of the fire.. . . — - — ■ — - — 


-3r21i47 


STATUS . 


Non-lnlt tator 


ENCLOSURE 18-SS 
018313 





uivn-NTl AL INITIATION THEORIES EVALUATION ..SHE ET SCS-2 

SUBJECT Tri M '-tlnn Control £lrftrlril Short . 
SYSTEM OR COMPONENT SCS 


IGNITION SOURCE AND PROPAGATION Elect ric*! shor^ 


supporting factors problems during. teat with pusn-to-f ih cqBBUntcitloaa. 
c lrcult. Also fracture _ln ci^. — — — ' "~~" 1 


NEGATIVE FACTORS p«tt review, c ontinuity »rtd lnaulit l fl fl* £g g I fl t ia Ti? ^hec M. 
» nd ph ysica l exawlna t lQQ _B l * 19¥ Pfl IBqM.lUa. B B a . -lixe. Ci.nso (rln g out- 


of Ijioct ii? 4 Tf tn * dhoitod no. taamaUcal Brf TP S P II U QQ2. 


C/M-lYs-OM- 


CONCLUSION N o e vide nce hi* b*TP 


found fro* hardware or d«t* examination 


t hit would lndl^it^ t!lL a -S 5 a 
QL“ -t2X- 0 fl rf i— - 


jonont or If issoclited wiring *«* ■ c«u«« 


IMTl 





STATUS Won-lnltUtor 


Closed 
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aPOllc .v. Review p. 



lkUPkT M'U to M*rch 9.. 1967 

TO: A. P- Mardo 1 , Chilean, P«o«l 

FROM: C. L* Craach. DUpUys-t -Control! Subsyttam gar 

SUBJECT: Main Dllplay ConaoU Panal NwmUr 24 

OttalUd Invast Igat ton of the tubjact pinat was conduct^ In tccordAnca 
with TPS CM-CA-030 and TPS CM-CA-G31. 

Tha Analytic Report of tha Abova Is forwardad harawtth f your Infor- 
mal Ion and ratantlon. 

^ Carlton l. Craach 

Intagratlon and Anal. til Panal 
(Panal 18) 

Cncloturo 
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STtAL INITIATION THEORIES EV ALUATION SjlKhT SCS-3 

sim.lECT BMAG Pow er Switch Short - 

SYSTEM OR COMPONENT SCS - Panel, ggj 


IGNITION SOURCE AND PROPAGAT 


ION AC short. PC shortx.g r arcin g 


SUPPORTING FACTORS Switch found in OFF position - S/B AC-2. Also ligh t. 


area on pane 


1 inriiratcs a possible "fa lse detent" , position ^. 


NEGATIVE. FACTORS Data ^gLandj^for mancc of TPS CM- CA-030_ a _nd_ = 031_ 

showed no anomalies a * a fire cause. See attached report , for c o m £lete_ 
analysis o f BMAG Sw itch and Panel “ 


; ONCLLSION__ N o evid ens^.t)»8_b££ 

-..tda.t-*ould indicate- tbiS-CM 


DATE 3-21-67 


STATUS : Non-ln it tator 


Closed 
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AS 204 ANALYTIC AEfOAT 
MAIN OISPIAY CONSOLE AANEL fB4 


References? 

1. TPS CM-CA-030.. 

2. TPS CM-CA-031 

3. • Panet Assembly Drawing 

4. V16-9T6T16 - Panel Schematic Orewl ng 

5 . Photographs - E-5C-21 

62-lOTC*U through 6 
122-306C-12 

122- 308C-1 

123- 30TC-5. 6 

123- 3W- 1 through o 


W<7 


C. C Cfoecn 
System* Engineer 

hasa/msc 
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Abstract 

Main Display Console Panel jf2h t Mission Sequence Control, as removed 
from S/C 012, presented two areas of special Interest f*>r detailed 
Investigation. Soot shadowing on the panel gave evidence that the 
BMAG power switch, $-39, had been moved after the fire. Charring 
was present on one corner of the EDS power switch, $-1, and Ifimedl- 
ately associated wiring. Additionally, the Integrity o f all other 
switches and wiring on the panel w is of interest. 

Conclusions are that the BMC switch was moved by acc!o>'ntal contact 
during the fire and again after the fire during power s -ut off; tha 
EOS switch was charrad by exttrnally applied, locally concentrated, 
heat; the switch and associated wiring era electrically sound and 
functional; all other switches and wiring on the pane) are electri- 
cally. sound end functional. 

Introduction 

As removed from S/C 012 r MDC Panel No. 24 was observed :o have two 
areas requiring special Investigation. The EDS Power s./itch, $-1, 
and its attached wiring were charred at one corner. T. ■ BMAG Po*er 
switch, $-39, was In OFF position as removed but the sc. t outline 
of the knob on the panel Indicated that the switch had eeen in the 
AC-2 position tn either the full, or "false", detent position (Ref. 
Photograph E-5C-21). Additionally, It was desirable to Invest l gata 
the electrical and functional Integrity of all of the switches and 
pane! wiring. 

Description of Tests 

Tests were performed In accordance with TPS CM-CA-030 and TPS CM-CA* 
031 to determine the electrical Integrity of all switches, panel 
wiring, and connectors In all positions of all switches. Special 
tests were performed to determine the effect of piecing the rotary 
switches In "falsa" detent positions. 

Detailed examination was made of the BMAG Power switch to datermlne 
the actual position Of the swttch during the various phases of the 
fire. 

Record, was made of a fingerprint found on the &.MG Power switch 
knob. (Ref. Photograph 123*3090-6.) 

Test Results 

Tha continuity tests Of the panel In the as-found condition showed 
all normal continuity and circuit resistances. 
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The continuity tests In al 1 other switch posttlons sh<»#ed all normal' 
continuity and circuit resistances- 


The continuity tests of the rotary switches In the “false" detent 
positions showed that, with the exception of the BHAG Ptwer switch, 
all continuities and circuit resistances were the same as In the full 
detent positions* In the AC" l "false" detent position, the BHAG Paver 
switch continuity and circuit res 1 stances were the seme as the full 
detent position. In the AC-2 “false" detent position, he AC clrcuJts 
were closed through the switch but the DC circuit was o. **n. 


During Initial examination of the soot shadow of the imfi Power twitch, 
e fingerprint in soot, was noted on the switch knob (Ref. Photograph 
I23-309C-6). Prior to any manipulation of the switch, the fingerprint 
was photographed and "lifted" by the FBI.. 


The scot shadow of the BHAG Power switch knob was comp.* ^d with those 
of other rotory switch knobs on Panel |24 (Ref. Photog* *>h E"„>C*2U« 

It wat not.d that tha TVC-1. Partial SCS Poor. and Aai ' Gyro witch 
knobs had soot patterns that ara broad In out Una at th*' Indexing point 
of the knob and follow tha knob contour closely. The b AG switch knob 
outline Is pointed at the Indexing point of the knob an« smaller m 
outline than the knob. There Is evidence of e double 
BHAG Power switch knob. (See Photographs E*$C-2I and l?3-30$C-6. ) 


Tha panel electrical continuity and resistance measurements shoved 
that electrical continuity was present after. the fire no 

denage of significant nature had been Incurred by the switches, P*ne 
wiring, or connectors* 


In analyzing the BHAG Power switch positions, several areas were 
l nves 1 1 gated. 


To establish the Initial condition of tha switch. Operational Check* 
out Procedure (OCP) K-0021 was examined. Ourtng performance of ***** 
lk-013 of 'this procedure, a Master Alarm Is obtained when the InAS 
.witch I. turned to AC-2. Thl» wit obtained thua Indicating th.ttho 
DC circuit wa. doted through tho twitch. Slihulttntoutly. on 2"«|lcotl<in 
of AC circuit twitch cloturo oppo.r.d at Stop >4-014 on 
Stao 14-015 Indlcatad datlafictory operation aftar warmup by confirming 
that tha AGAf T«nperetura Indication lrt tha Caution k darning Annunciator 
Matrix on Panol #10 did extlnguteh. 
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As noted above, the BhAG, OC heater circuit ts not doled throi ie 
switch In the "false" detent position. 

The soot shadow of the knob on the panel shows evidence of a dou >e 
shadow with one feint shadow In the full detent position end a denser 
shadow In the "false" detent position (Ref; Photograph 123-309C-6). 

When the switch Is placed sequent tally In these position*, the pointed 
shedow. conforms cloiely to the overlapped outlines Of the knob. 

From these facts, It Is deduced thet the switch was tn the full detarit • 
position et the initiation of the fire end was liter, coring fire, 
moved to the "false 1 ’ detent position. 

In considering the difference between the switch position as Indicated 
by the panel soot shadow, and the -OFF position, In whlcn It wis found 
when removed from the spacecraft, the fingerprint on th^ knob Is of 
stgnlf Icance. The surface of the mylar knob was melted end bubbled 
indicating that the temperature et Its surface had been over 500»F. 

The high temperature end melting and flowing of the kno 1 surface would 
have destroyed any fingerprint made prior to the fire. The fingerprint 
on the knob was In soot end, as determined tn the process of "llftlhg' # 

It, entirely on the surface of the knob materiel. 

It is deduced from this that the switch was operated after the fire to 
move It from the AC-2 "false” detent position to the OFF position. 

This action was most probably taken by the pad crew during p<*rfer-dcwn 
of the spacecraft. 

Cone 1 us Ions 

It Is concluded that operation and functioning of all switches on Panel 
were normal throughout the fire. Th« conpononts of the panel Wire 
not a source or e major propagator of the- fire. 

The charring of the EOS switch, $-1, and associated wiring, was cauiad 
by an external fletfi loured and not by heat, generated Internally to 
the switch. 

The different positions of the 0MAC P^ar switch have been determined, 
or are deduced, to be: 

1. Full detent AC-2 - et fire Initiation. 

2. ‘'False" detent AC-2 - sometime during the fire. 

NOTE* It It postulated that during the fire the commander 

contacted the switch with his left foot during attempted 
egress. Ourlng the Hockup #2 exercises, It was noted 
thet the commander's left foot did come very close to 
Panel f2* during the egress maneuver. 

Off - afttr fire during power-down. 
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POT) N ‘ I Mj * •ifTI.VI'A* ’-IJKOIU i;S EVALUATION SUK'T SEQ-1 

SUBJECT Pan el 1 0 and 11 Component F ailu re 
SYSTEM OR’ COMPONENT Seq uencers 

IGNITION SOURCE AND PROPAGATION Spontaneous - heat and glycol 



SUPPORTING FACTORS Digital Event Timer (PET) on Panel 11 as experience d 
running hot during operations. If a glycol leak developed from the 


cold fiate, leaking on the DET , it could cause fire. 



NEGATIVE FACTORS See attached sheet 



CONCLUSION The PET , or ot her components mounted on Panels #10 and #11 was 
nltlon source nor a propagator for the fire. 




-21-67 


Non-Initiator 

. 

Closed 
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SEQ-1 


PANEL 10 AND 11 

NEGATIVE FACTORS 

Panels #10 and #11 were visually inspected. There is no evidence 
that the Digital Event Timer (DET) on. Panel #11 was running hot. 
This instrument normally dissipates approximately 4 Watts and 
consequently has a temperature rise of only 2-3 degrees F. The 
backpotting if the DET was inspected and found to be sound. It is 

lightly sooted but still transparent enough to allow the wire 

connections to the header to be seen. The wire harness has no 
evidence of overheating and has only a light soot deposit. The 
panel connector is clean and the pins are straight and clean. The 
DET is hermetically sealed. There is no evidence that the seal is 
broken. The digit wheels are visible through a light soot deposit 
on the cover glass. There is evidence of water glycol drip on the 
DET case behind the panel. However, the water glycol drip has 
washed away some of the soot deposit and appears to have occurred 
late in the progress of the fire.. The C&W matrices on Panels #10 
and #11 were examined. The backs of these matrices were lightly 
sooted but had no evidence of overheating. The cable harnesses 

and connectors were clean and in good condition. The legend plates 

on the panel side of the matrices were sooted but the glass covers 
were all intact and the legends legible. Some deterioration of the 
RTV Silicone rubber potting material is evident on the matrix around 
the panel openings where a flue effect allowed hot gases to pass 

between the panel edge And the matrix edge. However, the matrix 
bodies are Intact and are not distorted. There is no evidence of 
water glycol drip In the matrices. 


\ 
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POT1V IAL ' I "‘I A' " O'* ‘ IKOKlt:’* EVALUATION SIIK'T 


MJIUKCT Panel #12 RCS C/M-S/M Indicator Switch 


YSTKy OH COMPONENT RCS 


IGNITION SOURCE AND PROPAGATION Spark or heat plus glycol. DC short or 


spontaneous. 


SUPPORTING FACTORS (1) Pane l #12 switch (S-2) just completed potting St ill in 

cure cycle. (2) Official last switch moved per OCP prior to fire. 


(3) This switch is located In a heavy fire damaged path looking at t h e 


exterior of the MDP to the command pilots couch. 


rfOiATXVE FACTORS See attached sheet 


CONCLUSION The Panel #12 S-2 switch was neither an iniator or s propagator of 





SUMMARY OF COMM 


POTENTIAL INITIATION THEORIES 


COMM-1 MDAS Octopus Cable Connector Short Closed 
COMM-2 Tel.ef lex Cable Short to TB 61-7 Closed 
COMM -3 Overheating of Crewman’s Electrical Assembly Closed 
COMM-4 Disconnect Spark on 0,020 Milliamp Lines Closed 
COMM-5 RF Power Closed 
COMM-6 USBE Potting Burned Closed 
COMM-7 Shorts in Biomed-Comm Suit Wiring Closed 
COMM -8 MDAS-LEM Recorder Signal Wires Short Closed 


Total Open Closed 

8 0 8 




POTENTIAL INITIATION THEORIES EVALUATION SHEET COMM-1 


SUBJECT MDAS Octopus Cable Connector 


SYSTEM OR COMPONENT Biomed - Experiments 


IGNITION SOURCE AND PROPAGATION Octopus cable 28 VDC shorting to ground caused 


by crewman deforming P-185 connector on scientific compartment "A" panel. 


Propagation via material on crewman's shoe, connector insert, sleeve 



DATE: 3-21-67 


STATUS: Non-Initiator 
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POTKN: I All INITIATION TKKORIfcS UVAfa,UATIo > _ S COMM -2 

SUBJEC T Teleflex Cable Short to TB 61-7 

SYSTEM OR COMPONEN T EPS 

:c :t0N SOURCE AND PROPAGATIO N Cable shorts TB 61-7 to ground causing 28 vol t 

<* r °P thru 825 ohms wire wound 2 watt resistor. Propagation via resistor 

heating up and i gniting conformal coating which in turn ignites debris 

trap net> 

. * -UNO FACTORS 


\~ w .-wIVL FACTOR S (i) Continuity check TB 61-7 to ground, 

(2) Visual ex amination of resistor R7 


CON CLU S I ON TPS CM-IV- 110 dated 3^14 references TB 61-7. Resistance checks and 

inspect ion concluded no shorting or grounds on terminal board. The 

soot was brush ed away from the connector and physical Inspection resulted 

I n no indication of short. 

l)ATK : 3-22-67 STATUS : Non-Initiator - Closed 
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POTENTIAL INITIATION THEOKIES EVALUATION SHEET 


COMM -3 


SUBJECT Overheating of Crewman 'a Electrical Assembly 

(Cobra Cable, T Adapter, Noise Eliminator & PCaT 
SYSTEM OR COMPONENT COMM 


IGNITION SOURCE AM* PROPAGATION Short inside umbilical could cauac 
overheating of aasoml^ljr^ P ropaga - on froa pot tiny c oapo und of crewaan't 
um bil i cal or port ions of crewman * s suits. 


SUPPORT IV, FACTORS 1. Suits appear burned. 


2. Crewman had changed umbilical to attempt to 


repair live mike condi tic 


NtGVTUK KUTOKS _ Rgp lac ing to new cable did not ropatr live 


tQn^lLiPJU 


-2* — All— lgM-d a- Into nablllcal arc current Halted. 


CONCLUSION 


-IPS -CAjfl.ZS.jCM^CAaflM . 095, 065. 061 . Theac TPS'a t.at.d fc 


-grpunda^_ia terlal analysis, and x-raya. All Showed no anomalie s 
t-tW-Urould cause Incident^. .Physical examination did not dlacloae any 
evidence of arcing or lira laitlMtioB. . 


t>'T! 3-21-6? 


Non-lnltiator 


Clomad 
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COMM -4 


t*OTl\V. t Al. IMTIATION VAl.m'ltA^li u . : 

SUqiKCT Disconnect S p ark o n >020 Millamp Lines 

SYSTEM OH COMPONENT Telecommunications . 

v SOURCE AND PROPAGATION Conne ctor of^crewman umbilical was _ 

d lac ou nce ted to replace urn b ilic a 1 cab le. P ropaga t io n from connector _ 

_ .insert or. u^bllicaL pott ing compound — * 

SUPPORT I M» FACTORS _C^t?w thought t hey w ere having trouble so they rep laced __ 

umbil ical* Th e new umbil ical did not^ clear lau It symptom. _ 

N lUATI VK FACTORS \ t Dl^onneet was approximately 20 minutes prior to tiro call. _ 

2 Tests ra n in 0 ? atmosph ere shotted no appreciable spar k 

a t ev en higher currents. 

CONCLUSION As a result of above test, the conclusions arc' th*t no appreciable 

spark caused by disconnect can be determined *3 eaufte of^ Incident^ 


3*21-67 STATUS Non-initiator - Closed 


L 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET COMM -5 


SUBJECT 


SYSTEM OR COMPONENT RF Systems 


IGNITION SOURCE AND PROPAGATION RF radiated energy produces adequate 
emperature rise to tun t to materials. Requires an open RF lead 



CONCLUSION Visual inspection of S /C coax. Ant.'s and .coax switches show 





DATE: 3-22.67 


STATUS. Non-ini t la tor 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET COHM-6 


SUBJECT U$BE Pott ing Burned 


SYSTEM OR COMPONENT Telecommunications 


IGNITION SOURCE AND PROPAGATION ISBK (Unified S-Band Transponder) may have 


had internal short , Propagation via 


material inside USBE. 



SUPPORTING FACTORS USBE pot t inn is burned in blow hole fashion. 



CONCLUSION Visual, resistance, and functional tests of USBE completed. 


No anomalies observed that could cause incident . USBE classified to 
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COMM -7 


py TKN . {f Ljan/MION' TRKORI KS EVALUATION SIIKI-'T 

Sim-I i ;< :t Shorts i n B low ed -Comm Sul t W1 ring 

SYSTEM OR COMPONENT Biomedical - Communic ations 


IGNITION SOURCE AND PROPAGATION DC from S/C to suit to ground 


a_tl on via su i t _ and suit wiring 


SUPPORTING FACTORS None - Six shorted wires in com munications portion of suit 

wiring. Possib l e supporting evidence in communicatio ns anomalies, 

Insulation around wires was more affected by heat than cable sheathing. 


NEGATIVE FACTORS Normal operat i on of components usin g these wires use only low 

currents of insufficient energy to create arc which would cause ignit ion(200 c 

— * ^ 

_ In .suit. Type of cab le used has fairly low heat resistant insulation 

- w 1 1 ,^h e r e , m °, J J material used in the outer, sheath . 

CONCLUSION Shorting and damage is apparently due to external heat and 


burn in 




pot) n i \l initiation tivkoki e ; evaluation sheet comm-8 


iun.Jl/T MDAS -LEM Recorder Sign*! Wires Short 


SYSTEM 0)1 COMPONENT Experiments - MDAS 


IGNITION SOURCE AND PROPAGATION Short circ u it on MDAS signal wires to LEU 

voice r ecorder, propagation yin d ebris t raps. _____ 



NEGATIVE FACTORS These wires carry 100 PPS I RIG B timing of 5 Volts 


eak-to^peak. 



CONCLUSION TPS CM -CA-076 duplicated suspected short on aignal wire* which 


excessive current, MDAS functioned normally. 
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SUMMARY OF EPS 

POTENTIAL INITIATION THEORIES 


EPS-1 Gas Chromatograph Cable Short (Ref. EPS-2) 


Duplicate 


EPS-2 Gas Chromatograph Connector Short & Cable Short Closed 


EPS-3 Damaged Wire Harness Under LiOH Door 

EPS-4 Damaged Wire (1C50A16) Near J-Box C15-1A52 
(Screwdriver Incident) 


Closed 

(Probable Initiator) 
Closed 


EPS-5 Teleflex Cable Shorting Resistor R7 at C15A7TB61-7 Duplicate 
(Reference to COM M«2 ) 

EPS-6 Electrical Short Due to Cold Flow Characteristics Delete 

of Teflon Wire vutf,w * J 


EPS-7 Q-Bal 1 Wiring Short 


Closed 


EPS-8 CB64 on Panel 25 (SCS GRP 2 MNB) Rubbing Against Closed 
Wire Harness 


EPS-9 Tapes on Entry Batteries (White Room Tape) 


Closed 


EPS- 10 Pyro Batteries Vented to Cabin 


Closed 


EPS- 11 Cabin Fan Failure ( Rc'f oronco ECS-4) 


Dupl ica to 


EPS-12 Suit Compressor Overloaded (Reference ECS-3) Duplicate 


EPS-13 Inverter Phase Lock Box Failure 


Closed 


EPS- 14 Panel 150 Lying Loose 


Closed 


EPS-15 J 1 85 Octopus Cable Connector (Reference C0MM-1 ) Duplicate 
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SUMMARY OF EPS POTENTIAL INITIATION THEORIES 


Page 2 


EPS-16 Water Glycol Corrosion of Connector(s) 


Delete 

(General Category) 


EPS-17 Glycol Pump Overloaded. (Reference ECS-2) 


Dupl icate 


EPS-18 AC Control Box V16-451136 Short 


Closed 


EPS-19 


fidenco of an Arc on Tip of Pin 16 on Panel 20 Closed 


EPS-20 Arc of Wire 'Cover on J-Box C15-1A52 (Ref. EPS-22) Duplicate 

EPS-21 Wire Short to Junction Box Cover (Ref. EPS-22) Duplicate 


EPS-22 Damaged Wire J-Box C15-1A52 Cover Plate 


Closed 


EPS-23 Electrical Wires Routed in Front of Heater 
(Reference P 482 TPS 369 Step 17) 


Closed 


EPS-24 SPS PUGS Display Unit 


Closed 


EPS-25 Main Bus B Short to Substructure at S 1 1 , Panel 8 Closed 


EPS-26 Wiring Arc Near Scientific Equipment Bay LEB 
Main Bus B 2 


Closed 

Per Fire Board 


Total Open Closed Dupl icate Deleted 




POTENT 


; NT IAL initiation theories evaluation SHEET EPS-1 


SUBJECT Gas Chromatograph Cable Short 


SYSTEM OR COMPONENT^ 


IGNITION SOURCE AND PROPAGATION 


DUPLICATE - REFERENCE EPS-2, 


SUPPORTING FACTORS_ 


NEGATIVE FACTORS_ 


CONCLUSION 


DATE : 3-23-67 


STATUS: 


DUPLICATE 






POTENTIAL LNITIATI 


ON THEORIES EVALUATION SHEET EPS -2 


SUBJECT GAS Chromatograph Conne ctor Short & Cable_ 
Short 


SYSTEM OR COMPONENT EPS_ 


ignition source and PROPAGATION Electrical spar k or hea t , pr opa g^^n_via_ 


elastic cover on con nec t o r^ 


SUPPORTING FACTORS Measurem en t CT0108 start s^ to _v _ ar ^ 


CB C15A5C11 6 _f ound_opi?n a_fter L u 1£j 


negative FACTORS 


CONCLUSION Close exam 


ination of this connector shows no evidence^of arcings 


at the_connect or or associated firing attr ibutable to an electrical . s ho rU 
The ana ^y ze<1 ' ^ cause 


external heating 


DATE : 3*22-67 _ 


STATUS Non- initiator^ 


Closed 


enclosure ia-55 
D- 18-337 


POT! vr 1 A 1. 1 M1 A~1 ION THEORIES KV/- CATION SHEET EPS-3 

SUBJi .CT Damaged Wire Harness Under LiOH Door 

SYSTEM OR COMPONENT EPS/ECS 

IGNITION SOURCE AND PROPAGATION Electrical short on the DC power input 

wiring t o the instrumentation on the 0 2 panel. Propagat ion .could 

have be en along the nearby debris net. 

SUPPORTING FACTORS Location in area determined as the probable initiation. 

Possible e op per dep osits were found on the bottom of the LiOH door, 

Material is being removed for analysis. Sections of the wire harness 

and a portion of the panel has been burnt away eliminating physical 
evidence of potential arcing. 

NEGATIVE FACTORS 


CONCLUSION This theory is still valid 


D * A TK: 3-24-67 > Probable Initiator - Closed 
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POT1 V • Al, [•!-!/■ ION- /‘-mm KVM.tjAT ION Sl'MT EPS-4 

.... Screwc *river damage by technician 17 Jan. '67 
*t.fUM l Damaged .Wire . ( 1C50A 16) pn Panel C15-1A52 

IYSTKV OK COMPONENT^ RCS/EPS 

IGNITION SOURCE AND ^ROPAc V" to\ . Electrical spar k fro m PC short propagating 
along the wire covering. 


SUPPORTING FACTORS On DR 0917, the exposed conductor 1C5 0A 16 was temp orarily 

r«P?* r e <* ?503 My stic Tape and permanently repaire d using heat shrin k 

sleeving per s tandard repair manual. 


NEGATIVE FACTORS The harness wa s diligentl y examined by a me mber of the Fire 

— .engi neering. There- Is no evi dence of a n arc f rom tjbis 

— Measurement CH2087 j w ould have indicated zer o if the wir e had 

• sfc&JCUcL -._NQ..zer<* vindication 

CONCLUSION Based on the above data and observations, reference TPS CM IV-192, 

it is conclude d that this item was not the ignition source. 


DATE : 3- 21-6 7 _ - r V . . Non-initiator - Closed 
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EPS-6 


POTl \T l M. I Ml ^ T_IO N l*H KORIES K\V V AT I ON SHEET 

SITU1.CT Electrical Short Duo to Cold Flow Characteristic s 
of To f 1 on Wire 

SYST1.V OR COMPONENT K PS. SPS, RC S , T 'C . G&N. SEQ , CStW , 

& Sc ion t if 10 Experiments 

IGNITION SOP KCf \\D PROP At*. AT ION Electrica l spark, propa^at ion £££.» 


SUPPORT l Nti V ACTORS None 


NEGATIVE FACTORS Detailed e xamination of harnesses i n 


no evidence of_ shor t i or ^vcln£^ du o_ 

of teflon. Ref er ence TPS CM-IV -1D-* — 


in spect areas reveale d 
flow characteristics 


CONCU’SION This item is n g eneral statement 

location or ini tin t ion t he ory . It w ill 

in the Panel 18 report ■_ _Trnjns f erred to 


a n d cannot he tied to a spec if i c 
he covered by a general discussi on 
General Discussion. __ 


;>\M 3 -24-67 


Closed as a specific item. 
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EPS-7 


NEGATIVE KAO OKS __ PI n^t o-p 1 n a ^JiSSSS. - 

Rot oronco TPS SCQ12-088 jwh.ic!l_g££CgIH^- 
a0 anomalies in., tfcsafi-ttitsiu a, — Rcjeijaiii-a- 

xesistaace chocks _ua jJ-Bail, Vt »’ im k. ‘ 


( osci.l SION . _Vf irina. was. extended. tO-£M - EEUfiSSJT— &!l c -LLt -- 

ctxecks and physical evaJuat ioajii-dS>Wioetar_at 9-^- u tJfSfiSluLilsai— 


nail’d with 


the stowage. comic-oiot- 


11ATK 3-22-67 


STA.'l S. Non- In it l a tor - Closed__ 
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EPS-8 


POTENTIAL INITIATION THEORIES EVALUATION SHE ET 

SUBJECT — CB6 4 on Panel 25 (SCS r.RP 2 MNB1 
Rubbing against wire harness 

SYSTEM OR COMPONENT srs 

IGNITION SOURCE AND PROPAGATIO N . Electrical sgark 


SUPPORTING FACTORS Indications of inter! 


erence between CB64 & wire harness 


.b ehind Panel 25. Indenta tion in Teflon insulation on wire harness 


jnatches with "white" deposit on terminal of CB 64 , 


NEGATIVE FACTORS s r Q visual indicat 


ion ot any arc was noted. 


CONCLUSION 


Dialled examinati on of nano) 

indications of c harts or 


DATE 


3-22-67 


STATUS : 


Non- i nit in tor 


Closed 
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POTENTIAL INITIATION THEORIKS EVALUATION SHEET EPS-9 

SUBJEC T Tapes on Entry B a ttorics 
(White Room Tape) 

SYSTEM OR COMPONENT poc 


IGNITION SOURCE AND PROPAGATION Glycol residue on tape covering battery 
terminals provides a conductive path which after a prolonged per iod gets 
hot and ignites. 



SUPPORTING FACTORS Tape on battery terminals - flammability of material. 


NEGATI \ E FACTORS — Location .removed from Fire Panel Indicated most probable 


i&nition area. No mechanism to nrov 
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EPS-11 


I 


P0TENT1 ii_tNlTI AT10X THEORIES KVAL UAT^N_SllEt.T 

SUBJECT Cabin F an Failure __ 

SYSTEM OR COMPONENT 

KiMT.tON SOURCE AND PROPAGATION 

nilPl.TCA TE - REFE RENCE ECS-4 


SUPPORTING FACTORS 



NEGATIVE FACTORS 


CONCLUSION 


DUPLICATE 
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DAT! 


3-23-R7 


STATUS . 





poTKNTUj. IMTIVTIOX THEORIES EVAU^ATjON^KT Eps _ 12 

cm tcrr Suit Compressor Overloaded 

SYSTEM OB COMPONENT 


IGNITION SOURCE AND PROPAGATION, 


nilPI.ICATE REFERENCE_ECS r 3 


SUPPORTING EACTORS_ 


NEGATIVE FACTORS, 


GONCl.CS ION 


0 - 23-67 


STATUS 


pUPL I CATE 


l>\TE 




POTENTIAL INITIATION THEORIES EVALUATION SHEE T EPS-13 

SUBJECT Inverter Phase Lock Box (Pan > £ 08) Fallure _ 


SYSTEM OR COMPONENT EPS 


IGNITION SOURCE AND PROPAGATION Heat 


SUPPORTING FACTORS 


NEGATIVE TACTORS The l». circuit br.iN vr, CB 1. 2- and 3 on P...I 209 .>lc h_ 


supplied all power to the phase 


lock box (Panel 208) was open per OCP and 


fou nd open subsequent to the fire. 

CONCLUSION Close ibis item. The phase sy nch box was examined and shows no 

indication of overheating or other evid ence of ignition source. The_ 

phase lock box was not energised from switch position information. 


PATE: 3-22-67 


Non-ini t ia tor 


Closed 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET EPS-14 


SUBJECT Panel 150 Lying Loose 


SYSTEM OR COMPONENT EPS 


IGNITION SOURCE AND PROPAGATION Electrical spark or heat. 



SUPPORTING FACTORS Panel 150 has circuit breakers which connect directly to 

the 3 entry batteries and 2 pyro batteries. This panel was not installed 


in place and was ’Vesting 1 * on a harness. 


NEGATIVE FACTORS No evidence of arcing or lire initiation in this area 



CONCLUSION Close this item. Extensive examination of panel 150 revealed 

* 

no evidence of arcing, or shorting. Electrical checks substantiate 


Nominal resistance and functional circuit breakers. 
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LSTI AL INITIATION’ THEORIES EVALUATION SHE ET EPS-15 

SUBJECT J185 Octopus Cable Connectoi- 


SYSTEM OR COMPONENT 


IGNITION SOURCE AND PROPAGATION 


DUPL I CATE REFERENCE COMM-1 


SUPPORTING FACTORS 


NEGATIVE FACTORS 


( ON'. LESION 


3-23-67 


DUPLICATE 
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r 



■—.i nm «8u asHuaaaffi^ EPS - 1 

SYSTEM OR COMPONENT 


ignition, source and propagation. 



SUPPORTING FACTORS, 


NEGATIVE factors. 


CONCLUSION, 


, A discussion win bo include d _in 

T his item is v>M^ener £ K_J.j3 


,o panel 18 Fina.l_R£E2£Li> 


nATK : 3-24-67 


STATUS : closed as a_S 


. r o»<fic item. 
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poresTm. I»ITUT10» 


EPS-17 


SUBJECT r.lvcol Pump Ov erloaded , 


SYSTEM OR COMPONENT^ 


ignition source and propagation. 


triplicate. 


pfpkrF.NCE ECS-2. 


SUPPORTING FACTORS. 


NEGATIVE FACTORS. 
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C 


t»oTl 


• t \ • i * !' ' >if ’ * ‘ 


i. \ \u'A* r * on s ‘ 1 1 1 ’ 


EPS-18 
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POTKN rt AL INITI ATION THEORIES KVA l AMTIO NJh l E KPS'-l 9 

Sli BJKCT Ev 1 doner of an ARC on Tip to Pin Ui on Panel 20 
SYStfiM OR COMPONENT T 'C _ 

HAITI ON SOURCE AND. PROPAGATION Electric a l spark 


SUPPORT l Nil FACTORS Visual inspection indicates that t lu* % AK._ V2JI ’ _ — - - - - 

{y\lY AM *-?.H V1XM has arced. .... 

NKi'tA Tl VK FACTORS _ Arc is only on tip radium ot_p_tn fc ..Tip rad III*. IS- Ud t TObUcd.. 

wtu'tt connect or is mated. Vhcre in no c\ tdVhVC '1 *.'W Tiled ilil£ or. 

oi pm. or mat ni^ oonnector, The sma 1 ) mark CU tUc I TP lddXUh 0.1 tlui.piii 

most probably occurred during panel vUvcKoul prior la UisUlUt. ton and 
not rubbed oil Mien the connector was mated. 

COM l t MON 

rtiVATV iU ilC evidence Unit LUlu item %a:. an initiator or the lire. 

\y\Y\ stilts Non - I n 1 1 l at or Ole,, d 


ENCLOSURE 18 5 S 
0 18 356 





ENCLOSURE 1 8 55 
D- 18-357 




POTENTIAL INITIATION THEORIES EVALUATION SHEET 


EPS-21 


SUBJECT wire Short to Junction Box Cover 
SYSTEM OR COMPONENT _ 

IGNITION SOURCE AND PROPAGATION 


DUPLICATE - REFERENCE EPS-22 


SUPPORTING FACTORS 


NEGATIVE FACTORS 


CONCLUSION 



IIVIE 3-23-<i7 _ DUPLIC ATE 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET 


EPS-22 


gtm.TBPT^^ Daniag6d_JHre J— Box C1 5-1A5 2 Cover Plate 
SYSTEM OR COMPONENT EPS/RCS (+Yaw Norma l Power MNA) 

IGNITION SOURCE AND PROPAGATION Arcing of the DC power to the 

cover plate. — : 


SUPPORTING FACTORS High energy source (250_a jn£ jo wer supply . through _a._ 
20 amp circuit breaker and #16 wire). Evidence of arcing or welding on 
the panel cover plate an d on the adjacent power wir e. — Propa fi atlpn cou ld 
have been by the wire coating glycol residue, and/or nearby debris net, 
V elcro, etc, ignited either locall y or at a distance by flying sparks . — 
This area matches. the Fire Panel's theory about where the fire started.. 


NEGATIVE FACTORS No evidence of a momentary overload on Ma in Bus * 


CONCL.V S 1 ON Th is theory is not primp 




3 - 21-07 




Non- in i t i a tor 


dom'd 



POTENTIAL INITIATION THEORIES EVALUATION SHEET 


EPS-23 


SUBJECT Elo- - ' .rlcal Wires Routed In Front of Heater 
(Reference P-182 TPS 369 Step 17) 

SYSTEM OR COMPONENT EPS/ECS 


IGNITION SOURCE AND PROPAGATION Overheated wiring In vicinity of urine 


dump heater 



SUPPORTING FACTORS None 



S EG AT I V E FACTORS Heaters not on per OCP. C B ' s ve ri fy th is coni i^ u rat ion. 

.Heater loo a tod 1 n aft compar t non t . No evid ence ot_ { ire having or initiated 

in this nri'a . 


CONCI.ISION Since no power was i.jijipUod to this .i-id jihy^tca l_ev i dene 


Ind.AC'l lire dii{ n<>t_ t’omp.ir tm^nt riost* 


this it om . 


H-28- iW 


V>n - i n i t m 1 1 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET 


EPS -2 4 



circuit breakers were closed. 



NEGATIVE FACTORS TPS S /C012-CM-CA-092 was performed satisfactorily 


w hich ver if to d _ t be J unctio nal integrity of the PUGS Display Panel Assembly. 
A 11 data o btaine d was within sp ecif ied accuracy of a pplicable process spec. 

MAQ21Q_-Q12±+_Jic£j^_ _&JL _____ 

CONCLUSION T he only visible damage to t he PUGS Display Panel Assembly 

is a c r acked gl ass o n the fac e of unbalance me. or. This unit should 


h aye i n no way con t r_i bu ted to the S 'Q 012 acc i den t . 


3-21-67 


\;i .> Non-initiator 


Closed 
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potential initiation theories evaluation sheet EPS-26 

SUBJEC T Wiring Arc near Scien tific Equipment Bay — 2_ 
LEB Main Bus B 

SYSTEM OR COMPONENT EPS — 


IGNITION SOURCE ANE PROPAGATION_ 


Electrical arc igniting battery tape. 


SUPPORT 


INC ^rrnps Evidence of arcing. Battery tape »as burned. A 

short on Main Bus B could account for the AC Bus »2 voltage _ 


transient . 


NEGATIVE 


FACTO RS Inspection by the Fire Board r esulted in the conclusion^ 

that the absence of a propagation path negates this theory. 


CONCLUSION Thi s theory should bo closed ba sed on the results of the 


Fire Board inspect ion. 


3-27-67 


Non-init iator 


C tosed 
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POTENTIAL INITIATION THEORIES EVALUATION SHEET 


SUBJECT STATIC CHARGE BUILDUP IN SUITS 


SYSTEM OR COMPONENT PRESSURE GARMENT ASSEMBLY 


IGNITION SOURCE AND PROPAGATIO N POSSIBILITY OF STATIC CHARGE BUILDUP 
AND DISCHARGE BETWEEN SUITED ASTRONAUT AND S'C. 


SUPPORTING FACTORS SUIT AND COUCH PAD MATERIAL WAS BURNED. 


NEGATIVE FACTORS TPS S/C 014 CM 038 WAS PERFORMED WITH A SUITED PERSON, 

VENTILATED WITH DRY AIR. READINGS OF CAPACITANCE AND VOLTAGE BETWEEN 
SUBJECT AND S/C WERE BELOW THE ENERGY REQUIREMENTS TO IGNITE ANY SOLID 


MATERIALS FOUND IN S/C. 


CONCLUSION a SUITED PERSON CANNOT GENERATE SUFFICIENT ELECTROSTATIC 
ENERGY TO IGNITE ANY SOLID MATERIALS FOUND IN SC ~~ 


PATH: 3 27 '67 


Non-initiator - Closed 
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BRIEF SUMMARY OF SIGNIFICANT 
SPECIAL TEST RESULTS 


L. Effect of Watfer-Glycol on Gas Chromatograph Cable and 

Connec 1 57 

Tests conducted to determine the reaction of the cable 
and its contribution to the accident if water-glycol had 
contacted the gas chromatograph connector* Tests indicated 
that no voltages appeared at the two shielded signal leads 
until all connector pins were completely iirmersed. At that 
point a 400 cps, approximately 4.5 volt, signal was noted. 
Ignition did not occur; however, what appeared to be localized 
boiling was noted in the area of two 115-volt connector pins 
which were adjacent to each other on the connector. 

2 . Effects of Water-Glycol on Spacecraft Connectors 

During the checkout phase of Spacecraft 012 operations, 
water-glycol leaks and spillages were encountered. Some of 
the spacecraft harnesses were wetted and subsequently cleaned 
with water and alcohol, and dried with nitrogen. Test con- 
ducted to determine if the cleaning procedure was adequate 
and to determine the effects of exposure of electrical con- 
nectors to water-glycol. Test incomplete at this time as 
20-day cycle started on March 14, 1967. Tests being con- 
ducted at KSC. 
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3 • Determine AP vs CPU Gimbal Angles 

A test was conducted on Spacecraft 008 at MSC to obtain 
data on CDU gimbal angle changes at various cabin differential 
pressures. This data was then used for correlation with data 
available from .Spacecraft 012.. All of \.he data are con- 
tained in the Panel 10 Final Report. 

4 . Corner Ignition Test 

A test was conducted at MSC in a 14.7 psia, 100% oxygen 
environment to determine whether ignition of a nylon chafing 
strip at the left-hand portion of the lower equipment ba.y 
will ignite the remaining flammable materials in the immed- 
iate vicinity. Test disclosed that all debris netting and 
Velcro on flight qual recorder burned completely as a result 
of the nylon ignition. 

5 . Boilerplate Mock-up Fig Tests 

Boilerplate A at MSC was mocked-up as close as possible 
to the Spacecraf.t 012 internal cabin configuration with 
respect to. flammable materials. A fire was then started to 
try to reproduce the Spacecraft 012 accident. Five tests 
have been conducted to date, under various pressure and oxygen 
environments. The test results are covered in detail in the 
Panel 8 Final Report. 
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6 * Wet Wire Fir e Ignition Test 

A test was conducted at MSC to determine whether water- 
glycol will ultimately lead to shorting and ignition when 
dripped on wires with deliberate flaws. The test indicated 
that a conductor carrying 3 amp 28 volts DC did ignite 
approximately 8 hours after exposure to a water-glycol drip. 

7 . Summary of Spacecraft 008 DC and AC ’electrical Tests 

The results from each of .the electrical tests conducted 
on Spacecraft 008 are summarized in the following paragraphs. 
The many tests and test conditions were primarily compared 
to the PCM data obtained at the time of the AC electrical 
transient on Spacecraft 012, to establish what condition or 
set of conditions would duplicate that data. 

(a) Effect of Rapid Switching of Non-Essential Bus from 
DC bus A to DC bus B 

This test condition did not produce data similar to 
that on Spacecraft 012. 

(b) Effect of Inverter Switching, to Supply AC Buses 
This. test condition did not produce data similar 

to that of Spacecraft 012. The over-shoot amplitudes on 
the AC bus voltages were too low and too rapid. 

(c) Effect of Load Switching on the AC Buses 

This test condition did not produce data similar to 
that of Spacecraft 012. The drop in voltage on the AC bus 
due to switching any of the large electrical loads was 




4 

regulated by the inverter to maintain the DC bus voltage 
above the minimum required to cause a dropout ot the 
VHF/FM transmitter and C-band beacon. 

(d) Effects of Shorts of Various Durations and Levels 
on AC bus 2 Circuits 

These tests did not produce .data similar .to that of 
Spacecraft 012„ The prime difference was the lack of proper 
amplitude for the three AC bus 2 voltages. Howev-er, dropout 
effects of the VHF 7 FM transmitter and C-band beacon, and the 
recovery trie for the AC voltages were similar to that of 
Spacecraft 012. 

(e) Effects of Interrupting DC Power to the Control 
Relays which Control Switching of AC Power to the 
VHF/FM Transmitter and C-band Beacon 

These tests did not produce data similar to that 

of Spacecraft 012. The dropout of the transmitter and beacon 

could be reproduced; however, the effect on the AC voltages 

was not present . 

(f) Effects of DC Shorts of Various Durations and 
Levels on the DC ous 

DC shorts of a 5 to 20 milliseconds duration for 
current values of .about 80 amps or greater are required to 
drop the voltage on the DC bus sufficiently to cause the 
inverter to lose regulation. These tests indicated that 
shorts of several milliseconds duration and of sufficient 
current drain can closely reproduce the Spacecraft 012 data 
indications at the time of the AC bus 2 transient. 
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(g) Effects of Momentary Interruption of DC Power 
to the Inverter 

A DC interruption of 2.5 to 20 milliseconds duration 
will reproduce the Spacecraft 012 data indications at the 

tine of the AC bus 2 transient. 

(h) Determine Arcing Damage to Wires of Various Sizes 
Used Within the Spacecraft, With Current Limited 
Values Commensurate with Circuit Characteristics 
of the Spacecraft 

The wire damage due to arcing was found to be pri- 
marily a function of the resistance at the shorting point. 

A relatively high current passing through a short of very low 
resistance would cause little or no damage as compared to a 
relatively low current passing through a short of several 
ohms resistance. 

(i) Effects of- Shorting Power Leads in the Octopus Cable 
to the MDAS Recorder 

A momentary short on the octopus cable power wires 
would not cause a drop of voltage on the DC bus sufficiently 
low enough to cause the inverter to lose regulation. Also, 
the effect of a momentary short appeared .on the biomed moni- 
toring channels of the MDAS recorder as transients. A short 
of greater than 8 milliseconds duration would cause the time 
reference or the MDAS to lose time. 

8 . TV Simulation Using Sp acecraft 008 

Several individuals witnessed the Spacecraft 012 accident 
on television monitors. A test was accomplished utilizing 
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Spacecraft 008. to substantiate the visual resolution that 
one could expect over a television monitor system. No 
additional conclusions or observations resulted from the 
conduct of this test. 

9. Cobra Cable Spark Ignition Tests 

The minimum ignition energies of several solvents used 
in the Spacecraft and the problems experienced with the 
communications system Indicated that the connect or dis- 
connect of a cobra cable could be suspect as a spark or 
ignition in a simulated Spacecraft 012 environment. Separ- 
ation of the cobra cable did not produce any visible sparks 
or ignition. 

10 . Suit Elec t rostatic Discharge Tests 

Tests were conducted to determine the energy, that can 
be transferred from a suited person when the suit is electro- 
statical ly. charged . Tests conducted in Spacecraft 014 In- 
dicate that insufficient energy is generated for ignition 
to occur. 

11 . Mock-up 2 Mobility Evaluation Test 

This test was conducted to determine the capability of 
a crew to see certain areas of the Spacecraft and to perform 
certain actions with respect to time. 


L 
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l 2 . Gas Chroma t 1 >g r a p h C a bio and Co n n oc t o r To s t s 

Special tests disclosed that an output from the gas 
chromatograph connector can be- produced by: 

(a) Physical movement or disturbance of the wiring 
and or l he .connect or 

(b) Application of external heat t o the wiring 
a nd or the c u nnoct o r . 

13. Voltage Regulation rests at Launch Complex 34 
These tests indicated that a short circuit in the 

range of 5 to 25 milliseconds, drawing approximately 75 amps, 
caused an immediate drop in DC bus voltage of 13 to 15 volts. 

1 4 . Gas Chromatograph Cable Arcing Tost 

A test was conducted using Spacecraft 008 to determine 
whether arcing would occur it the gas chromatograph connector 
was dropped onto a metal surface. No arcing took place. 

15. Tost to Reproduce Copper Plow Found on Gas Chromatograph 

raRe — 

Tests wore conducted to reproduce a copper flow condi- 
tion found tin the AC wires of the gas chromatograph cnole. 

All attempts to simulate the condition by either short cir- 
cuits or by application of external heat did not result in 
a similar appearance of the wires. 
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16. . Pyrotechnic Pattery Hydrogen Outgassing Tests 

Tests have been conducted on pyrotechnic batteries to 
determine the outgassing characteristics at ambient and 
elevated temperatures. Based on these tests, it was con- 
cluded, that the battery relief valves did not relieve and 
admit hydrogen to the Command Module. 

17. Flammability Propagation Hates of Debris Netting 

Tests were conducted at KSC to determine the flamma- 
bility propagation characteristics ot the debris netting 
of that type located in the Command Module floor at the 
ECU. Tests conducted at an ambient pressure, 100% oxygen 
atmosphere, produced a burning rate of approximately 2 inches 
per second, burning in a horizontal direction. Refer to the 
Panel 8 Final Report for more information on other- materials’ 
flammability test results. 

18 . Water-Glycol Flammability Tests 

A number of water-glycol flammability .tests have been 
conducted at KSC and at MSC, and are still continuing at this 
time.. Some of the teas indicate that the inhibitor agent 
in the watcr-glyool coolant fluid does provide a flame pro- 
pagation path along electrical harnesses exposed to leakage 
and spillage of water-glycol. 
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